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ABSTRACT

%_em _'repetitive calculation of complicated or nonlibrary functions is

anti¢11_ated, use of an efficient numerical approximation is highly desirable.

to be _escribed (TERP) provides a means for obtaining such an ap-

vhem the user can furnish routines to calculate the functions he

_i:_*_tire system is available in FORTRAN. For increased speed, a

version of the interpolation routine is also included for

7090-FORTRAN-I'V, CDC-1604 FORTRAN-63, and 360-FORTRAN.

=m _ hand-coded routines, the time required for interpolation is

_ _ -4-._:::u25_-@_-_:7090)'-" 107 _sec (IBM-7094-1I), 441 _sec (CDC-1604A), and
_" _ _ -,* _' ,/ "_--_ -W_ _ _'_._ _--.;a._ u_--._--_.

s_ i_ionm_ioc_ated Tor the table: _LDr. :m_mmp_e, _Z_func_ion _,

o__J_th_50 locations, _e sys_ ._ izkoduce symbolic iangu_
_" (F_-___,_or 36o aSsembly)_decks f_or c_mpu-_ing th@ functi0ns _-_

- lan_o_r_ver_s: (backward interpolation), The function values may be

..o,_._.o._ j obtained from these decks by FORTRAN statements such as Y = EPic(X), and _
X = ERFBAK(Y), where the names are chosen by the user.
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B. Assumes any liabilities with respect to the use of, or for damages resulting from the _se',_f

any information, apparatus, method, or process disclosed in this report.
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THE GRAPH 5E_OW SH_WS HOW TkE SYSTEM WORKS t

Y Z

Z °
• THIS PARABOLA HAS

**°°'*'*A WIGGLE,

e

(FIG. I,)

C I

_C 5.2

c I
C _=i
C 4,1

¢ I

I.E, TFE PARABOLA THROUGH THE LAST THREE

POLN_EIPSjE].OW Y_ND Zj
Y

(SEE WIGGLE COMMENTS IN TABX COMMENTS)

C I

¢ I
_; I

O 2,1

C I

$

C I "

l,I "

C I

*
C 0,+ ........................

C 0 .Dl .0_ .03 .04 .0_ ,06

C

C

C A PARABOLA (Y = A ÷ B*X * C'X**?) IS CONSTRLJCTED THROUGH THE

.... FIRST THREE POINTS (DENOTED _Y *}, ANOTHER PARABMLA IS C_NNECTED

C THROUGH POINTS 3 TO 5, ETC,

C
0 FIRST, THE ROUTINES TABSET AND TABX ARE USED TO SET UP A

TABLE WHICk CONTAINS THE COEFFICIENTS OF _HE PARABOLAS AND OTHER

C RELEVANT I_F_RMATION, THE FIRST SiX ENTRIES ARE,,.

_C
C IST ENTRY T(I,I) = XLO

O 2ND ENTRY T(2,1} = I./XDEL XDEL IS THE SPACING BETHEEK PARABOLAS

C XDEL/2* I_ THE SPACING BETWEEN POINTS

C 3RD ENTRY T(3#I) = XUP
C 4TH ENTRY T(I,2) = NUMBER OF pARABOLAS OR (NUMBER OF PAkELS)

_TH ENTRY T(2,2) = _O_tC ____DECRFASING,_ tF INCREASING,

C 0 IF NOT MONOTONIC, TOEIC IS SET IN TABX,

C 6TH ENTRY T(3,2) = EXTRA SpAOE AVAILABLE TO ONE WHO WISWES TO USE IT.

C

C THEREAFTERe THE TA_t.E CONSISTS OF THE A,Bt AND C COEFFICIENTS OF _

C EACH PARABOLA,

C FOR EXAMPLE, TO SET UP A FUkCTION FOR SIN(X) FOR X FROM 0,0 TO 1,0

C YOU MIGHT WRITE THE FOLLOWING CODE_

C

C DI EM_S_ON $1NTAB(200)

C CALL TABSET(O,,I,,2OO,K,SINTAB)

_C X = 0.0

¢
¢
c
¢

DO I0 I = I,K
Y = SIN(X)

I0 CALL TABX(X,Y,I,SINTAB)

C NBW THAT THE TABLE IS SET UPt YOU MAy USE THE FOLLOWING SUBROUTINES..,
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C
O

O

C
C

C

C
C

C

Y = TERPT(X_SINTAB) RETURNS THE VALUE OF Y FOR ANY VALID X,

X = BTERP(Xm$1NTAB) R_TURNS THE VALUE OF X FOR ANY VALID Y (PROVIDED

THE FUNCTIC_ IS SINGLE VALUE_,,,I.E, MONOTONIC INCREASING OR DECREASING,|

D---= TERPD(X,SINTAR) RETURNS THE VALUE OF THE DERIVATIVE OF Y FOR ANY

VALID X, NOTE# HOWEVER THAT THE DERIVATIVE OF A FUNCTION WHICH CONSISTS

_F PIECEWI_E PARABOLAS MAY HAVE DISCONTINUTIES AT THE JUNCTION

OF ONE PARABOLA WITH THE NEXT t THUS TERPD LISUALLY HAS LARGE ERRORS

AND IS NOT VERY USEFUL EXCEPT FOR CALCULATIONS CONCERNING ENGINEERING,

_r •

RETURNS THE INTEGRAL OF Y FROM A TO B,y = TERRI(A,B,SINTAB)

C . THE RESULT OF TERPI IS MORE ACCURATE THAN TERPT SINCE INTEGRATION

C TENDS TO I_CPEASE ACCURACY (_jUST THE REVERSE OF DIFFERENTIATION),

C
C

C

C

Y = TERR2(X,SINTAB) IS SIMILAR TO TERPT... SEE COMMENTS UNDER TERP2

IHUNT AND IHUNT3 A_E FUNCTIONS WHICH ARE USED TO SEARCH AN

ARRAY FOR THE NEAREST MATCH TO A GIVEN NUMBER, THEY ARE

USED BY TE_PU AND BTERP RESPECTIVELY,

C TERPU IS Ak AUXILLIARY ROUTINE WHICH IS USED WHEN CONSTRUCTING

C TABLES FRO_ DATA OBTAINF..D FREM GRAPHS OF TABLES WHICH MAY NOT

O BE REGULARLY SPACED,

C

C TTRACE IS A SUBROUTINE WHIC-k WHITES ERROR MESSAGES FOR INVALID

C CONDITIONS. NONE OF THE ROUTINES LISTED ABOVE CONTAIN ANY TIC

C STATEMENTS, HOWEVER TTRACE D_ES, THE IIO STATEMENTS IN TTRACE CONTAIN

C TAPE NUMBE_Se AND WILL HAVE TO BE MODIFIED TO MATCH THE LOCAL STANDARDS L _

C IN OTHER R{UTINES WHICH ARE LISTED LATER_ SOME I/O OCCURS, BUT THE TAPE

_ NUMBERS ARE ARGUMENTS WHICH IRE SET BY THE CALLING PROGRAMS, SO THAT

C THEY DO NOT NEED MOdIFICATIOn, A LIST OF ERROR MESSAGES IS IN TTRACE,

¢
C EOUIV IS Ah AUXILLIARY ROUTINE USED BY TTRACE (SEE COMMENTS UNDER EOUIV)

C

C MDECK, FDECK,AND CDECK ARE ROUTINES WHICH ARE USED TO PUNCH

C THE ARRAY AKD AN ASSEMBLY LAkGUAGE PROGRAM WHICH MAY BE LATER

C ASSEMBLED TO GIVE A BINARy DECK OF A DESIRED FUNCTION,

C

C

C

C

C

FAPP AND CODAP ARE AUX|LL|ARY ROUTINES tJSED BY MDECK, FDECK, AND CDECK,

C ***DEMONSTRATION PROGRAM***

C

C FMR PURPOSE OF DEMO-NSTRATIOk, A MAIN PROGRAM IS INCLUDED WHICH

C .... _USTRATE_ _OME OF THE WAYS OF USING THE TERP SYSTEM. YOU SHOULD

REFER TO TkE FORTRAN LISTING OF THE MAIN PROGRAM FOR DETAILS, THE

FOLLOWING FRMBLEMS ARE 14LUSTRATED.,_

...... [___P A TABLE OF LOGIO(X} AND CHECK ACCURACY USING EVEN SPACING OF X.

2 SET UP A TAB_ FOR EXPIO(X] AND USE TO OBTAIN LOGIO(X) BY BACK

INTERPOLATION, NOTE THAT FOR THE SAME TABLE LENGTH OR I00 WORDS,

THE BACK IKTERPOLATION IS MoRE ACCURATE,

NOTE THAT THE LOG FUNCTION IS A DIFFICULT ONE TO INTERPOLATE OVER

A WIDE RANGE BECAUSE OF THE SINGULARITY AT X = O,
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C

¢

IN PRAT/CE, ONE WOU_ATE OVER J__UST ONE _TAVE INSTEAD OF
OVER THREE DECADES AS IN THIS EXAMPLE,

C

C

SET UP A TAgLE OF LOGIO(X) USING UNEVEN SPACEING FOR X.
BY CLEVER CHOICE OF THE X SPACEING_ wE HAVE RECTIFIE_ THE FUNCTIONp
AND WOULD _OTAIN A PERFECT FIT WITH JUST ONE PARABOLA,

4 SET UP TAELE OF SIN(X) AND CHECK ACCURACy.

C
0
C

SAME AS ABOVE, EXPECT USE TERP2 FOR INTERPOLATION. kOTE THAT
THE ACCURACY IS CONSIDERABLY BETTER THAN TERPT AT THE EXPENSE _F A
SLOWER ROUTINE (SEE COMMENTS UNDER TERP2).

6 DEMONSTRATE THE BACKWARD INTERPOLATION OF SIN (I.E. ARCSIN)

7 CALCULATE I00,000 SINES TO CEMONSTRATE SPEED

C
C
C
c
C

_O
O

O
c
C
C
C
0
C
C
¢

ILLUSTRATE HOW A TABLE OF VALUES CAN BE READ IN AND A TABLE
SET Up, IN THIS CASE, WE REA_ IN THE RANGE-ENERGY RELATIONS
FOR PROTONS _N ALUMINUM FROM RICH AND MADLY (UCRL - 2301).
THE TABLE IS SET UP FOR LOG-LOG INTERpOLATION_

ILLUSTRATE THE USE OF THE TABLE FOR RANGE AND DE/DR. NOTE
THAT THE DERIVATIVE CALCULATION IS PROBABLY AS ACCURATE AS THE
EXPERIMENTJL _ATAz N_TE THAT_THERE IS AN INTENTIONA[ TYPQGRAPHICA!,___
ERPOR IN ThE INPUT DATA AT 80, MEV. THIS ERROR CAUSES A WIGGLE
WARNING MESSAGE.

THE WIGGLE IS SUCH AN OUTSTANDING PROBLEM THAT THERE IS A SPECIAL
SECTION GIVEN TO ITt

!0 N_TE THAT THERE IS AN ADDIT!ONAJ ERROR WAPN!NG MESSAGE
IN SETTING UP THE TABLE WITH TERPU, A VALUE OF X WAS USED
_UTSIDE THE RANGE OF THE _ATAt

_ !_RATE THE USE OF MDECK, FDECK_ AND CDECK TO GENERATE
C AN ASSEMBLY LANGUAGE DECK.
¢
C
C
C

C

C
C

NOTE THAT OUR DEMONSTRATION PROGRAM USES A SUBROUTt__

TO TIME TH_ SPEED OF TFRPT, fOR GOMPV_TENESSi' wE LIST THREE
DIFFERENT _ERSIONS OF TyME APPROPRIATE FOR OUR L_CAL MACHINES.

THE 1604 _ERSION OF TYME ARC KLOCK WILL WORK ON ANY 1504 coMpUTER
WITH ANY S_FTWARE.

THE 7090 (FORTRAN-2) VERSICN OF TyME, ST_P AND WIN_ WILL WORK ON
ANY 7090 WHICH IS FORTRAN-2 ADAPTED,

TH_ 7090 (F_RTRAN-4) VERSIOk OF TYME AND TAD WILL O_LY WORK AT
C THE COMPUTER CENTER AT K-25 (OAK RIDGE, TENNESSEE).

¢
C
C

C
C
C

c
C

***LANGUAGE COMPATIBILITY PROBLEMS***

T_ CORE CF THE SYST_,_ REUTINES TABSE_, TABX, TERPT, BTERP,
IHUNT, IHU_T3, AND TERPI ARE WRITTEN IN RA_IC FORTRAk AND ARE
COMPATIBLE WITH NEAHLY ALL F_RTRANS WITH ONE EXCEPTION. THE
FUNCTION SCRTF OCCURS IN BTERP WHICH MUST BE SQRT IN FORTRAN-IV,
WHEN ONE SEES THE STATEMENTS (THIS IS WRITTEN IN FORTRAN-2. THIS IS

WRITTEN IN FORTRANo4.), ONE SHOULD BE AWARE THAT ALL THE F_RTRAN-2



C

OR FOR_RANv4 _UTINES U_ED IN THIS SYSTEM AH_ FORTRAN.63 ADAPTABLE.

THERE ARE ALSM HAND cOqED VERSIONS OF TERPT F_H THE 789n_FORTRAN _l.

7ogo-F_RTRAN IV, AND 1604-FORTRAN 63, THESE _F COURSEe
ARE SP=CIAI TO THF _ARHIN_. AT PRESENT_ THEY UO NOT DO ANY ERROR

CHECKING, SO THAT ONE S40ULD FXRST CHECK H|5 PRDGHAH WITH THE
COHPATIBLE FORTRAN TERPT, BEFORE USING THE HAND CODED VERSION.

EVENTUALLY _E =LAN TO ADD ERROR CHECKING TO THE H=ND CODED VERS|ON,

***ACKNOWLEDGEMENT =*"

T_ E T:R= SYSTEM EVOLVE3 OVER A LONG PERIOD OF TR|AL AND REVISION,

THE F_RST V_RqI_N MF T=RPT AN_ RTERP WAS WHITTFN BY nlXQN @OGERT !N

MANY BU_S HERE DISO_VE_ED BY USERS WHO VOLUNTECRkD TO USE THE
EARLY 5YsT;MS. IN PARTI_ULA R, WE ARE |NDEBTkD TO JOHN WA_HTER

AND BOg =EELLE FOR _INDING MANY PROBLEMS ANU MA_ING SUGGESTIONS_

RETURN

END
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CHAIN
C
C

DEMONSTRATION OF THE USE OF INTERPOLATIVE ROUTINES

C THIS IS TFE FORTRAN-4 VERSION OR MAIN,

¢
C

DIMENSION TLOGI(IO3),TLOG2(IOO)eTSIN(IOO),TSINB(I03)
DIMENSION RANGE(IO6)pE(40|eR(40)

THE_E TAPE _UMBERS MUST BE CHANGED FOR YBUR NEEDS,
NIN=5
N_[I=6
NPP=7

¢

5
C

C

SET UP TABLE TLOGI OF LOGIO(X) WITH
L_TTING X _AIuFS RANGE FROM .01 TO

CALL TABSET(,OI,ID,,IOO,K, TLSGI)
X=,OI
DO 5 I=I=K

DIMENSION (100),
IQ,

Y=ALOG(X)t2,302585093
CAlf TABX(X.Y,I,TL_GI)

TABLE IS NeW COMPLETED

Xl=.O005
WRITE(NOU.;O0)
WRITE(NOU,;OI)
DO I0 1=1,3
XI=IO,*XI
XX=Xl
DO I0 Jzlm4
XXz2,*XX

C
C INTERPOLATE IN TABLE FOR LOGIO(XX)

C
C
C

I0

YY=_RPT(XXtTLOGI)
Y=AL_G(XX)/2.302585093
Dy=y-yy
WRITE(NOUe;O2)XX,Y,YY,DY

YY=TERPTtXXeTLOGI)
Y=AL_G(XX)/2.302585093
DY=Y-YY
WRITE(NOUmgQ_)XX#Y_YYeDy

SET UP TABLE OF EXPIO(X]

....... CALL TABSET(-2._I.,IO3,K,T_G!)
X=-2.
O0 12 l=ltK
YIIO.=*X

__ L?_ALL TABX[XFY_I,TLOG_

X_,JUIQ5
WRITE(NOUp922]
WRTTE(NOU,92_
DO 15 I=1_,2
Xl-,l O,"XI
XX=Xl
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DO 15 J=li4
XXs2,eXX

L INTERPOLATE BACKWARDS IN TABLE FOR LOGIO(XX)
¢

YYzBTERP(XX_TLOGI)

YxALOG(XX)I2,302585093
Dyay-yY

i5 WRITE(NOUegO2)XX,YmYY,DY
XX'IQ,
YY=BTERP(XX_?LOGI)
Y=AL.SG(XX)'/2,302585093
DYzY-YY
WRITE(NOUegQ2)XX,Y_YY_DY

SET UP TABLE OF LOGIO(X) USIkG LOG SPACING FOR

CALL TABSET(ALOG(.OI)eALOG(IOI)_IOO.K.TL_G2)
XmAL_G(,OI)
DB 20 I=I,K

ABSCISSA

20
C

X=EXP(X)
Y=AL_G(X)I2.302585093 .....
CALL TABX(X,Y,I,TLOG2)

XI=,O005
WRITE(NOU,;03)
WRITE(NOUn901)
DO 30 I=l=]
XI=IO,*Xl
XX=Xl
DO 30 J=ls4
XX=2.'XX

C

C
EN_T_ W_TH LOG(XX),

X2=A_OG(XX)
YY=TERPT(X_,TLOG2)

INTERPOLATE FOR LOGIO(XX)

3O

Y=ALOG(XX)/2.302585093
OY=Y-YY
WRITE(NOUsgO2)XXeY,YY,DY

__ XX=IO_
X2=ALOG(IO,)
YY=TERPT(X_TLOG2)
Y=AL_G(XX)/2,302585093
Vy=y_yY
WRITE(NOUe_O2)XX.Y.YY,DY

r.
c SET UP TABLE OF SIN(X)

CALL TABSET(O..I.7.1OO.K.TSIk)
X=O.

35

DO 35 I=I.K
Y=SIN(X)
CALL TABX(_.Y.I.TSIN)

XX=-.l
WRITE(NOU_04)
WRITE(NOU_05)
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XX=X×_,I

C INTERPOLATE FOR S|N(XX)

C

C_

YY=TERPT(XX,TSIN)

Y=SIN(XX)

DY=Y-YY

4n WRITE(NOU,902)XX,Y,YY,DY

XX=-.I

WRITE(NOUpg04)

WJR_IIE_N__

DO 45 I=_18

XX=XX+,I

INTERNE FOR SIN(XX) USING

YY=TERP2(XX_TSIN)

Y=SIN(XX)

AVERAGE OF TWO PARABOLAS

DY=y-YY

45 WRITE(NOU,902)XX,Y,YYaDy

C

SET UP MONCTffNIC INCREASING TABLE

C

CAll TABSEI(O..I.5.103.K_T$1_B)

X=O.

DO _ I=laK

QF SIN(X)

_ 48

Y=SIN(X)

CALL TABX(X,VnI,TSINB)

WRITE(NOUng06)

WRITE(NOUm907)

XX=-,I
DO 50 I=__ (6

XX=XX÷,I

INTERPOLATE BACKWARDS FOR X FROM SIN(X)

C

Y=SIN(XX)

X=BTERP(YarBINB)

DX=X-XX

5D WRITE(NOUmSOO)Y,XX,X,DX

WRITE(NOU,_06)

XX=-,l

WRITE(NOUn912)

DO 55 I=1_16

XX=_X*,I

INTERPOLATE BAGKWARU$ FOR X FROM INTERPOLATED SIN(X)

. Y=TERPT(XX,TSINB)

X=BTERP(Y,TSINB)

55
DX=X-XX

WRITE(NOU,9OQ)YpXXtXwDX

WRITE(NOU,SGO)

WBITE(NOUaglO)

X=-,I
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DO 60 I=lel8
X=X+,l
YmCOS(X)

C
C CALCULATE IkTEGRAL OF SIN(X)
C

YY=TERPI(X,I_57079635JTSIN)

FROM X TO PI/2

C
Dy,,y-yY

60 WRITE(NOU,gO2)X,Y_YY,DY
X=O.

65
DO 65 l=lmiOO
TSINB(I)=X*.OI6
WRITE(NOUnal3)

¢
C INTERPOLATE I00,000 SINES TO DEMONSTRATE SPEED
¢

70

CALL TYME(O,NOU)
DO 70 I=IBIO0
DO 70 J=l_lO00
Y=TERPT(TSIkB(1),TS|N)
WRITE(NOUnal4)
CALL TYME(I,NOU)

READ IN ENERGY-RANGE TABLE AkD CONVERT TO LOG

8O

READ(NIN_915}{E(1)_R(1)_I=If39)
WRITE(NOUn921)
DO 80 I=1e39
WRITE(NOUo_I5)E(I)_R(I)
E(1)=ALOG(E(I)) ......
R(1)=ALOG(_(1))

SET UP LOG,LOG ENERGY*RANGE TABLE USING TERPU INTERPOLATION
TO FIND THE ORDIN_TE___Y_ A_SCISSA VA_ES

CALL TABSE?(ALOG(I,)_ALOG(IOOO_),IO6,K#RANGE)
X=ALOG(I_)
DO 85 I=l_
YaTERPU(XsE,R_39)

85 CALL TABX(k_YsI_RANGE)

WRITE(NOUe_I6)
WRITE(NOUnal?)
X=i5
XX=,25
DO 95 I=ltlO
XX=2,wXX
DO 95 J=l_'_
X=X*XX
IF(IOQO,'X)IOQ,90,9Q

ENTER TABLE _ITR LOG(ENERGY], INTERPOLATE
AND TAKE AkTI-LOG TO GET RANGE

FOR LOG(RANGE)_

9O XZ=ALOG(X)
YmEXP (TERFT(XZ_RANGE])

CALCULATE tLOG(R)/DLOG(E) FROM TABLE AND CONVERT TO _E/DR
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C

95 WRITE [NOU_91B)XeYeDEDR

IOt"] WRITE(NOUw920)

C PUNCH OUT LCG-LOG ENERGY-RANGE TABLE COEFFICIENTS FOR

C _NC_RATI_NTO A FAR SUBROUTINE .....

C

D8 110 II=l,106

C

_ _.PJQ_Y___ BACKWARDS IN _RTRAN-2

C

!10 CALL FAPP(BANGE(1),IjNPP)

C

CALL CDECK(6NBRANGE,SHTERPT,RANGE,NPP)

CALL FDECK(6H_RANGEmSHTERPT_fiANGE_NPP)

C TABLE COEFFICIENTS FOR INC_RFORATION INTO A CODAP SUBROUTINE

PUNCH _uT _OG-LOG ENERGY-RANGE

130

DO 130 I=l,lO6

STOP

900 FORMAT(

901 FORMAT(

902 FORMAT(

_ 903 FORMAT(

904 FORMAT(

_ _5 FORMAT(

906 FORMAT(

907 FORMAT(

CALL CODAP(RANGE(1),I,NPP)

55HI CALCULATE LUGIO(.OI,IO.) N=i-00- )--

_SHC X _G(X) TERpT(X) ERROR )

FI2,2,3FI2,7)

55H_ LOGIO(,OlelO.)_ UNE_AL SPACING N=IDO )

55H_ CALCULATE SIN(O,,I,7) N=IOO ]

55H_ X SIN(X) TERpT(X) ERROR )

55H_ INTERPOLATE SIN(O,,I,5} RACKWARDS k=lO0 )

55MC Y=SIN(X) X BTERP(Y) ERROR ]

908 FORMAT(FIS.7eF7.2,2FI2.7)

__ 9_9 FORMAT(55H2 CALCULATE

910 FORMAT(55H_ X

9_I_O_HAT(55H{ X

912 FORMAT(55HO Y=TERPT(X) X BTERP(Y) ERReR
913 FORMAT(SSH2 DEMONSTRATE SPEED oF SUBROUTINE TERPT

9!4 FORMAT(55HC TERpT HAS CALCULATED lO00OO SINES

9_AT(FI8.2.F23.5)
916 FORMAT(55H2 LOG-LOG INTERPOLATION OF PROTON RANGES IN AL

917 FORMA_(55NC ENERGY RANGE DE/DR ....

918 FORMAT(IIXF6.1,2(4XFT,3)}

919 FORMAT(8OXmE2O.8)

920 FORMAT(IHO)

921 FORMAT(IH2_I2X6HENERGY#ISXSNRANGE)
922 FORMAT(55N2 CALCULATE LOGIO FROM EXPONENTIAL N=IO0

923 FO_MAT(55H_ Y LOG(Y] BTERP(Y) ERROR

J_TEGRA_S_I_PI/2,) N=IO0 _)

INTEGRAL TERPI ERROR )

SIN(X} ..... TERP?(X) E_ROR _ )
)

)

)

)
)

)

)

END
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SUBR_+_XLO_XUP,N_K,TBOB)

C

N=pIMENSICk OF ARRAY
O K=NUMBER CF POINTS USED IN GENERATING TABLE(THE RELATIONSHIPS BETWEEN

....K AN_ NARE THE FOLLOWING t)

C NUMBER OF FARABOLA = (N-7)13

K=2*(NUMBE_ _F PARAB_LAS)+I

C K=2=(N-7)/3+I

C IF ONE WISHES TO USE EXACTLY K DATA POINTS IN GENERATING THE TABLEjT,

C THE DIMENSION ,N, MUST BE : (3/2}'K÷11/2 OR (3/2)*K÷13/2 OR (312)*K+15/2

C A E IF N = 154 OR 155 OR 156

C NUMBER OF PARABOLAS = (N-7)13 = 49

NUMBER _F FmINTS USED IN GEKERATING TABLE ,K+ = 99

C

C

THE REVERSE IS TRUE( IF ONE HAS 99 DATA P_INTS THEN THE DIMENSION OF_T,

I$ = (3/2)'K+11/2 OR (3/2)'K+13/2 OR (3/2)*K+15/2 = 154 MR 155 OR 156,)

XLM*SMALLEST VALUE OF X

XUP.LARGEST y_E OF X

TBMB-NAHE CF ARRAY ONE USES

C IST ENTRY T(I,I} = XLO
C 2ND ENTRY T(2,1) = I,/XDE_ XDEL IS THE SPACING BETWEEN PARABOLAS

C XDEL/2. IS THE SPACING BETWEEN POINTS

C 3RD ENTRY T(3,1} = XUP

C 4TH ENTRY T(i,2) : NUMBER OF PARABOLAS OR (NUMBER OF PANELS)

C 5TH E NIRY T(2,_) = TONIC I,E+ -i_ IF DECREASING, ÷I, IF INCREASING,

C 0 IF NOT MMNOTONIC, TO_IC IS SET IN TABW,

C 6TH ENTRY T(3,2} = EXTHA SPACE AVAILABLE TO ONE WHO WISHES TO USE IT,

C

_NSION Tb0_(3,77i)

NPARA_=(N-7)/3

TBOB(I,I)=>LO
TBMB(2, t)=A/(XUP'XLB)

TBMB(3,1)=_bP

TBMB(|_2}-'_P.ARAB

TBMB(2,2)=C,

TBMB(3,2} =OiO
K=2*NPARAB$1

RETURN
END

L
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C
C
C

C

C
C
C

C

_SUB_J?_LL_|NE TABX (X,Y,IIT)

Y IS THE _ALUE OF THE FUNCTION AT THE ITH VALUE OF X,
I IS THE RUNNING INDEX FOR THE ITH VALUE OF X AND Y,
TABX COMPLT_S THE VALUE _E__I__H_ALUE OF X WLH]_{7_H

THE CALLING PROGRAM MAY USE TO GET THE NEXT VALUE OF Y,
T I_ THE NA_ OF THE TABLE WHICH IS BEIN.GGENERATED,

ON THE F_RST CALL TO TABXt THE A COEFFICIENT OF THE FIRST PARABOLA IS
SET. I.E, TABLE(I,3) IS SET TO Y,

O ON THE SECOND CALL TO TABX, THE VALUE OF Y, WHICH IS THE MIDPOINT

___ OF A PARABELAJ_J_S_.TEMPORARIL Y STORED IN T_B_E(2_3) A_D _N=OFURTHER
C COEFFICIENT CALCULATION IS D_NE,
C
C ON THE THIRD CALL TO TABX, THE B AND C COEFFICIENTS OF THE FIRST

PARABOLA A_EGOMPUTED AND ST_BED IN TABOE(2_3) ANp TABLE(3,3)_THE
C MONOTONOUSNESS AND WIGGLES ARE CHECKED, AND ERROR MESSAGES ISSUED
__F APPROPRIATE, THEN TH_ CEEFFICIENT OF THE NEXT PARABOLA IS SET,
O I,E. TABLE(I,4} IS SET TO Y.
C
C THE PROCEE_RE OF THE SECOND AND THIRD CALL ARE THEN REPEATED
0 UNTIL ALL THE _FFICIENTS HAVE BEEN GENERATED L AT T_E CON_USION
C THE AsB,ANE C COEFFICIENTS WILL HAVE BEEN GENERATED FOR NPARABS,

___ AND THE A COEFFICIENT 0_ GENERATED FOR _HE LAST.

G
C

*'*WIGGLE'**

WIGGLES A_E A PECULIARITY OF THE TERP SYSTEM WHICH _AVE CAUSED

MORE TROUBLE THAN ANYTHING ELSE, INDEED_ 3_T IS HARD TO CONCEIVE

C

C
C
C OF ANY INTERPOLATION SYSTEM WHICH IS FREE FRMM WIGGLE PRMBLEMS.
C A WIGGLE |_ DEFINED AS A GHAkGE IN TH_ SIGN OF THE SLOPE WITHIN A
C PARABOLA I.E. THE LAST PARABOLA IN FIG. I. WOULD HAVE A WIGGLE.
C._ _METjMES THE WIGGLES ARE DUE TO A POOR CHOICE IN SETTING UP THE
C TABLE OR A BAD POINT IN THE INPUT DATA. SOMETIMES THE WIGGLES ARE
C PERFECTLY LEGITIMATE AND ARE HARD TO_REMOVE. SOME CASES THAT MAY
0 RESULT IN WIGGLES ARE,,.
¢
C

C

C

C

C
C

WHEN A FUNCTION IS GENERALLY MONOTONIC, BUT TWO ADJACENT POINTS ARE

EQUAL. THE ON YLY WAY TO PUT_A SMOOTH CURVE THROUGH THE TW_ EQUAL POINTS IS
TO HAVE A WIGGLE.

WHEN ONE FAs A FUNCTION THAT IS DECREASING. IF THE DECREASF

BECOMES TOE RAPID, THEN A WIGGLE IS LIKELY, FOR EXAMPLE, IN SETTING
UP A TABLE OF THE GAUSSIAN F_NCTION, A WIGGLE IS LIKELY TO OCCUR

FOR A VALUE MF X ABOUT _ _ STANDARD DEVIATIONS, U_LESS THE WIDTH
OF THE PARAGMLAS (XDFL) IS TAKBN VFRY SMALL.

THE EFFECT MF WIGGLES ON THEACCURACY oF INTERPOLATION iS N_T AS
SERIOUS AS S_ME OF THEIR MffRE SUBTLE CONSEOUENCES. FOR EXAMPLE, IF ONE
SETS UP A TABLE FOR THE GAUSSIAN FUNCTION, ALL THE IKPUT POINTS

.... WlLLBE_P_VE_ BUTITISPOS$1BLE THATSQME PARABOLA MAY
C GO NEGATIVE DUE TO A WIGGLE, IF THE PROGRAM EXPECTS POSITIVE VALUES

FOR A_THEN ONE MAY_E_ _N ERROR FOR THE SORT _F A NEGATIVE NUMBER,
C ETC. FUTHE_HE, WHEN ONE INTERGRATES A POSITIVE FUNCTION FROM 0 TO C,
C ONE EXPECTS TO GET A M_NOTONIC INCREASING FUNCTIMN, _UT DUE TO A WIGCLF
C THE RESULT _AY NOT BE STRICTLY INCREASING, SO THAT IF ONE TRIES TO

_C USE BTERP ek THE RESULTANT FLNCTION, ONE WILL OBT IN A .NOT MONOTONIC
O ERROR MESSAGE.
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IN MRDER TO COMBAT WIGGLESe T&BX MAKES A CHECK FOR WIGGLES AND ISSUES

A WARNING _E$SAGEt |F YOU GET W|GGEE WARN|NG_ YOU SHOULD CHECK TO SEE

IF ANY DISASTERIOUS CONSEQUEkCES WtLL RESULT,

O IST ENTRY T(I,I) = XLO

C 2ND ENTRY T(2,1) = It/XDEL XDEL IS THE SPACING BETWEEN PARABOLAS

0 XDEL/2, IS THE SPACING BETWEEN POINTS

3RD ENTRY T(3,1) = XUP
C 4TH ENTRY T(I,2) = NUMBER OF PARABOLAS OR (NUMBER OF PANELS)

C 5TH ENTRY T(2,2) = TONIC I,E, tit IF DECREASINGm "1, IF INCREASING,

C 0 IF NOT MONOTONIC, TONIC IS SET IN TABX,

C 6TH ENTRY T(3,2} = EXTRA SPACE AVAILABLE TO ONE WHO WISWES TO USE IT,

CRNCRETE EXAMPLE OF COEFFICIENT CALCU_AT|ON IN COMMENTS OF TERPT,

DIMENSION T(3_777}

1F(I-I)2,1,2

2 IF(I-2*(I/_))20plO,20

I T(I,3)=Y

CHECK = I,_
GO T_ 8B

__ _I÷1)/2.2

T(2mK)=Y

GO T_ 88

_0 J=I/2*2
H2=Y

HO=T(IIJ)
HI=T(2eJ)

T(2,J)=4.0=(H_)-H2*HO

T(3,J)=H2-kO-T(2,J)

T(I,J÷I)=H_

IF(CHECK)24j79,24

30 IF(H2-HI)31,79,32

_ 31 IF(_NIC)79_26_36

32 IF(T_hlC)3_P41,79
25 IF(T_NIC)27p?8_36

26 T(2a2) = -t,0

40 IF(T_IC)3_,41,42

4/ T(2L2)= ÷!,__ _
42 IF(H2-HI)3Ew7g_7g

79 DyO=T(2,J)

DYI=T(2,J)*2,*T(3_J)

8_ IF(DYI]88_88_88

. 82 IF(_Y)I_8_oPe=Lse
86 CALL TTRACE(BHXVALIJE,X,bHWIGGLEBBH

GO T_ Bb

TABX)

CHECK = 0._

88 _=I

__ X=_(I_)I)_A/T(2_I)/2_

I01RETU_K

EN9

k
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FUNCTION TERPUtX,XX,Y,N)

C UNEQUAL INTERVAL PARABOLA INTERPOLATION,
C FUNCTT_ TE_PU !HTERP_T_ R RETuFEN T_RmF PR|_T_ U!TH A PARA_RLA:

C ANO RETURNS TH_ VALJE R_R A SPECIFIED VALUE X.

C
N • T_E NUMBEm QR OOINTS IN THE ARRAYS Y AND XX.

C X • VALUE AT WHICH INTERPOLATION IS T.M BE gONE,

C

C

C

C

C

C

C

C

C

C

O

C

C

Y IS THE ARRAY WHICH C_NTAINS THE POINTS WHICH ONE WANTS TO INTERPOLATE

X_ YR TH_ 6RRaY WHiR H _MNTATNR TNm X cO_RnI_&TE_ M r Tu_ P_!NT_ fN

THE Y _RRAYo _HEY M=JST 3E EITHER STRICTLY INCREASING OR DECREASING,

OTWE_WTSEA ME_AG_ W!LL, BE !S_uED _Oa THUNT,

THIS _OJTINF r_HW!LLTARY RMUTINE WHICH H&5 NBTN!NA TO DR

WITH THE SETTI4G UP OF }_RABffLAS BY THE TERP SYSTEM, ONE USE_ IT

IF RN_ H&S SOM_ n&TA _T UNeVeNLY SP&nEn VAIUF_ UR X. &N_ wISHeR TM

C04VERT THIS DATA I_TO _OUALLY SPACED DATA FOH USE IN SETTING UP

THE REBUL_ TABLES.

nIwENS_O4 WXt?_]_3J3_7)

I=IHUNT(XX,N,X)

lF(!}!q,!0,20

TH E R_LLBU!Nq TTRAcF !_LJ_S AN ER_ M_RSAGE TF THE VALUE X I_ _RT

WITHIN THE LIMTTS Or TH_ XX ARRAY,

IO IF (X-o,999999*XX(I)) lS'tI*II

II tr rw.!.OOOOO!*XYr_} !=.!o,!_
18 CALL TTRACE(6H X,X ,6H ,N,I4_SHTERPU)

--- 19 Ir tx.Yxt!))30_3_.40

30 TERPUmY(I)

40 TERPU•Y(N)
RETUR_

20 IF(I'(4_I))21,_2,22

GO TO ?3
..... 22__I=4_1

23 IF(I-2)24,25,25
24 I=P

GO TO 76

__2_5_I=I

C
____THw ¢BLLOwIN_ £_RMJL& L_ THF STANDARD LARGHANG_AN INTFRPOLATION

C F_RMU_A F_R 14TERP_LATING BETWEEN THREE POINTS BY MEANS OR A mARAROLA.

26 TERPU=Y(I'I)*(X-XX(I )}*(X_XX(I+I))/(X x(I'l)°Xx(! ))I

__ !tXW(l._)-x×(!+!)}

2 *Y(I )*(W'XX(I'I))*(X_XX(I+I))I(XX (I )'X_(!'l))l

3(_Y(! }'¥Y(!_!)_

4 +y(I$I)*(W-XX(I'I))*(X_XX(I ))l(XX(l*l)'XX(I'l))l

_(YYt!_!)-Wy(! ))

RETURN

E_D



-14-

FUNCTION TERPT (XeT)
¢
C GRAPH SHOWING TYPICAL PARABOI_A USED |_ TERP SYSTEM
¢
C 2-I

C I
C I

C I

C,166-"
C
C
C
C
C
C

C
C
C
C
C
C

O-I
mmmmmmm_mmmm

0 ,5 I,O

IN THIS CASE ZERO TO ONE MIGHT BE EQUA6 TO THE INTERVAL ONE-HUNDRETN+
THIS DOES kOT MATTER SINCE THE COIFFICIENTS ARE CALCULATED WITH
THtfi INTER_AL EVERY TIME,
WHEN ONE ASKS FOR A VALUE OF X THE PROGRAM ACTUALLY USES THIS TO
FIND WHERE TWE COEFFICIENTS ARE STORED,

FIND THE VALUE OF Y AT X = BOO5 WHIC HI$ I/2 OF XDEL.
FORMULAS FROM TABX CALCULATE THE COEFFICIENTS.
HO = .166(

C HI = I,0
C H2 • 2,0
C
¢
C
C
C

C
¢
C
C
C

C
¢
O
C
¢
O
¢
¢
C
O
C
C

A • ,1666
B • 1,5
C • ,3333
Am B+ AND C C_RRESPOND TO TNE FORMULA Y • A+B*X+C*X**2.
USING XDEL • ,01 AND XLO = O,O WE STEP THROUGH THE PROGRAM,
Z • ,005-0,/.01 = ,5
,5 SATISFIES THE CONDITIONS OF THE TWO IF STATEMENTS SO WE CONTINUE,
I • Z 0=,5
A = I 0 = 0
F " Z-A .5 • .5"g.
II • 3"! 0 = 3"0
TERPT = T(II+7)÷F°(T(II+B)*F*T(II +9))
SINCE II = 0 WE HAVE THE 7TP, BTH, AND 9TH ELEMENTS OF THE ARRAY TBOB,
THEREFORE At B, AND C CORRESPOND TO OURS,
TERPT z .1666+1.5".5+,3333"(t5)*'2 = 1,0 WHAT DO YOU KNOW THAT IS OUR
ANSWERj Akp THAT IS RIGHT+ IF THE GRAPH IS ,

IF X IS OLT_IDE THE LIMITS (XbO+XUP) THEN AN ERROR IS GIVEN,

IST ENTRY T(I,I) • X_O
2ND ENTRY T(2,1) = i./XDEL XDEL IS THE SPACING BETWEEN PARABOLAS

XDEL/2. I_ THE SPACING BETWEEN POINTS
3RD ENTRY T(3,1) = XUP
4TN ENTRY T(I,2) : NUMBER OF PARABOLAS OR (NUMBER OF PANELS)
5TH ENTRY T(2,2) = TONIC I,E. "1, IF DECREASING, +1. IF INCREASING,

0 IF NOT MON_TONICt TONIC IS SET _N TABXt
C 6TH ENTRY T(3,2) • EXTRA SPACE AVAILABLE TO ONE WHO WISHES TO USE IT,
C

DIMENSION T(777)
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Z_E(I))'T(2)

IF (Z) I00,10,10

I0 IF (Z - T(4)) 20,112,110

201=Z

A=i

F=Z_A

30 TERPT = T(II_7)+F'(T(II+B)÷F'T(II÷@))

RETURN

I00 IF (Z - (-I,E-7)) 101,i01,102

I LLI CALL _ACE (6H X_ ,TS,,6HTERPT )

102 Z = 0,0
GO T__ 20__

I10 IF (Z - (T(4)÷I,E-7)) 112_112_11t
III GALL TT_ACE (6H XoX,OW .TB.,6HTERPT )

112 I = Z-I,
F = I,

GO TO 24

EJ_ll]



FUNCT|ON TERPD (X,T)

TERPD CALCULATES THE DER|VATIVE OF THE PARABOLA _T THE SPECIFIED VALUE
OF X*
X IS THE _ALUE AT WHICH ONE WISHES THE DERIVATIVE,
T IS THE kkME OF THE ARRAY _NE USES,

O Y • A*B*X*C*X**2, THEREFORE

C DY/DX • B*2'C'X_
C
¢ IST ENTRY T(I,I) = XLO
C 2NO ENTRY T(2,1} = It/XDEL XDEL [S THE SPACING BETWEEN PARABOLAS
0 XDELI2, IS THE SPACING BETWEEN POINTS

C 3RD ENTRY T(3,1} = XUP
4TH ENTR Y T(I,Z} = NUMBER OF PARABOLAS OR (NUMBER OF PANELS)

O 5TH ENTRY T(2,2) = TONIC I,E, Die IF DECREASING* _1, IF INCREASINGm
C 0 IF NOT MONOTONIC, TONIC IS SET IN TABX,
C 6TH ENTRY T(3,2} = EXTRA SPACE AVAILABLE TO ONE WHO WISHES TO USE IT,
¢

DIMENSION T(777)
Z = (X-T(I))*T(2)
IF (Z) I00,10.10

IO IF (Z " T(4)) 20.112,110
20 I = Z

A=I
F=Z_A

24 II = 3"I
30 TERPD =(T(II_B)*2,0*T(II*9)=F)*T(2)

RETURN
C
C THIS SECTION IS ENTERED IF THE VAL_E OF X IS OUTSIDE THE
C INTERVAL FR¢M XLO TO XUP, IF I? IS VERY NEAR TO THE LIMITS
O (wITHIN I.O E-7 OF XDEL), THEN IT IS ASSUMED TO BE EXACTLY ON THE EDGE_
0 AND THE COPPUTATION PROCEEDS,

¢ BUT IF IT IS FURTHER _ROM TWE EDGES_ THEN A TTRACE MESSAGE IS
C ISSUEDe ANC THE VALUE AT THE NEAREST EDGE IS RETURNED,
¢

IOO IF (Z - {-I.E'7)] IOlelOIJl02
I01 CALL TTRACE (6H X,X,dH ,TS,,SHTERPD)

102_ Z = 0.0
GO TO 20

I10 IF (Z • (?(4)*1,E-7)) 112e112_III
III _ALLTTRACE (&H
112 I • _'lt

X,X,6H ,TB,,SHTERPD]

END
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C
C A IS THE L_WER LIMIT OF INTEGRATION_
C BIg THE LPPER LIMIT _F INTEGRATION.

_B_B _TPE ARRAY ONE USES_
C

FI_.T THE LIMITS ARE INTERCHANGED IF B .%T. A.
C THE FUNCTION TERPI INTEGRATES BETWEEN THE LIMITS A AND B.
C THE DO LOOP CALCULATES THE INTEGRAL _F ALL THE PARABOLAS INCLUDED
C BETWEEN A A_D R. THEN THE FRACTIONS OF A pARABOLA AT BOTH ENDS

_JLF ANY__EGRAT_ JERPI RETURNEE T_TAL INTEG___
O AN ERROR PERSAGE IS ISSUE_ BY TTRACE IF A OR B ARE ¢UTSIDF THE
C _ J.J_._A_M _TO XUP_ .......
C
C IRT ENTRY T(l.l) = XLO
C 2ND ENTRY T(2,1) = I./XDEL XDEL IS THE SPACING RETWEEk PARABOLAS
____ XnFLI2_LS.__HF SPACIN_LBE_HEEN _OI_T_ ...........

C 3RD ENTRY T(3,1) = XUP
4TH ENTRY T(I,2} = NUMBER_F PARABO_R (N_MBER OF PA_E_S)

C 5TH ENTRY T(2.2} = TONIC I.E. -I, Ir DECREASING, +I. IF I_CREASING.

C 0 IF NOT M_N_TnNIG_ TOKIC IS SET IN TABX,
C 6TH ENTRY T(3,2} = EXTRA SPACE AVAILABLE TO ONE WHO WISHES TO USE IT.

DIMENSION TBOB(3,777)

__XL=A
XU=B
B=lo
IF(B°A)2m4,6

2 XU=A
XL=B
S=-I,
GO T_ 6

4 TERPI=_,
GO T_ I01

6 _UM=O.
ZImI,*(XL -TROB(I,I))eTBOB(2,1)
Z2=I.*(XU mTROB(l',_)*TBOB(2wl)
II=Zl
12=Z2
IF(|I) 8,8,10

8 TF(XL-TBBB(I.I)÷I.E-ZI__9_..
9 CALL TTRACE(6H A,XL,LH .TS,,LHTERPI )

___ II ZI=I.O
II=l

I0 0=I2
IF( 0 -TBOB(I,2)-1,)20,12,12

12 IF(XU-TBOB(3, I)'i.E'7/TBOB(2_I))I5tl3tI3
13 CALL TTRACE(6M B,XU,6H .TB,,6HTERPI )
15 Z2:TBOB(I,E)*I.O .....

I2=Z2
20 QzI2

IF( 0 -Z2)30,25,100
25 I2=T2-1
30 W=tl

IF( w
40 Wmll

Z=ZI-W

-Zl)40,45_lOO

SUMI .Zm(TBOB(i,II+2)+Zm(TBOB(2,11*2}I2.+ZmTBOR(3,11*2)/3,))

4_ ?r{!_-II)lO0,75_SO
50 LOOP=f2-1
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6n

DO 60 I=IILL_OP

SUMm_UM÷TB{_(3,1÷2)/3,÷,SeTB_B(2,1*2)÷TBBB(IpI*2)

CQNTINUE

75 BETA=f2

Z=Z2"BETA

_UM=SUM÷Z*(TBOB(ImI2÷2)÷Zt(TBOB(2aI2*2)/2,÷Z*TBOB(3,12*2)/3t))

8n TERPI=S*$U_/TBOB(2JI)

GO T_ I01
I00 CALL TTRACE(_M A,XL,6H LURK,6HTERPI )

IOI RETURN
END



FUNCTIONBTERP(Y)T)
C
C THE FUNCTION BTERP 15 USEO FOB BACKWARD INTERPOLATION. THE

C SUBRHUTINE IS ENTERED WIT H A Y VALUE AND AN AHRAY, T. IHUNT3

C IS CALLED {_ TO FIND THE PARABOLA WHICH CORRESPONDS rO THE

C EX_TCIT VALUE __LLATION OF X IS _MED 6T ONE OE

C TWO FORMULAS. I.E. IF 4,*A'C'/B'*2 .LT, 0.05 THEN THE 5_RIE5

¢
--6r--

C

Z EQUALS 4,'A'C/B'*2.

IF 4,'A'C/_*'2 ,G T , 0,05 THEN IHE _ATIONALIZ_D FORH OF THE

QUADRATIC EGUATION IS USED, I,E, X = -2.*A/(Be/-SQRT(_'*2-4,'A*C)),

C THE SIGN OF THE_FERI_'_R'I_FJ2_,,_-A*_)_[_ D_FERMINE_THE SIGN

C OF THE SLOFE _HICH IS GIVEN BY THE MONOTONOUSNESS OF THE DATA P_INTS)
C THEREFORE T_ OBTAIN THECORRECr VAL_E__H_E__

C WE USE THIS HOD|FIED FORM O; THE EQUATION,

O I,E= X = "2.'A/(B+IONIC'SQ_T{H"'2-4.*A'C))

O THE SERIES EXPANSION IS USE_ WHERE IT CONVEn_ES (-,05 ,GT, Y ,LT, ,05),

C BECAUSE IT IS FASTEH.

¢
_--- IF THE DATA POINTS _ NOT _ONOTONIC_N d_RP WILL-NOT WOHK)

C
C IST ENT'RY T(I,I) = XLO

C 2N# ENTRY T(2,1) = I,/XDEL XDEL IS THE SPACING BETWEE_ PARABOLAS

C XDEL/2, I$ T_E SPACING BETWEEN POINTS

C 3RD ENTRY T(3, t) = XUP

C 4TH ENTRY T(I,2) = NUMBER OF PARABq_]._A3_OR _U_F P_-)

C 5TH ENTRY T(2,_) = TONIC I,E, "I, IF DECREASING, el, IF" INCREASING,

C 0 IF NOT M_NOTONIC, TO_IU IS SET IN TABX,

C 6TH ENTRY T(3,2) = EXTHA SPACE _VA_LABLE TO ONE _HO WISHES TO USE IT,

¢
DIMENSION T(3,777)

TONIC = T(2,2}

IF (TONIC)2_,90,20

c

zO NN = _(I,2)
I = IMUNT_(T(t,3),NN+I,y)

IF(1)00,11C,23
I = NN÷I O_LY IF Y = YLAST

23 IF(Ie(NN_I))40,24) !10

24 IF(TONIG)25,110,2b

_5 _TERP = T( I, I)

GO TO UB

26 8TERP = T(_,I)

GO TO 88

EVERYTHING QKI;[E'RE, OBTAIN _ B# Aq_Jl3 _COEFFiCIENT_, AR_AKrI3

INTERPOLATE,
40 A = T{ I,Ie_}-y

8 = T(2,I.2)

C = T(3,1÷2) --- --

IF(B)4b,bS,45

45 Z = 4.*A'U/U*'2

IF(Z**2-,O£25)50,50,55

_0 FRAG : "(al#)'( I,÷Z'(.?_÷Z't.lZ_+Z'{,U/OI2b+Z'(,Ob_Oe/3)););

GO TO bO

¢

C THIS IS A F_RTRAN FUUH FUNCTION,
c

b5 FRAC = -2,'A/(B+TONIC*SQRT (_''2-4,*A*C))

'C
_6 FIMI = I'I

8TERP = T(I,I ;+(FIHI+_RAC)/T(2_ I)
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88 RETURN

@ THIS SECTION ENTERED FOR FIXING OF ERRORS.

60 YFIRST = T(l,3)
YLAST = T(I,NN÷3)

IF(T@NIC)61,tlO,62

61 YLfl = YLASI

vUP = YFIRST

GO T@ 63
62 YL@ = YFIRST

YUP = YLAST

63 IF(Y-YUP)94,110,100

C IF TONIC = O, ISSUE MESS&GE AND SET BTERP • XLO,

90 CALL TTRACE(6H TONIC,TONICe6HtNtMONe 6HBTERP )

HTERP = T(I_I?

G@ T_ 88

IF Y LESS THAN YL@_ CHECK TO SEE HOW SADLY, IF BAD ISSUE MESSAGE,

SET'BTERP = XLO(IF TONIC • *1,)

BTERP • XUP(IF TONIC • _1,)

94 IF(y-(_9999999*Y_O))95,96,96

95 CALL TTRACE(6H Y,Y,6H .TS, _6HBTERP }

96 IF(T@NIC)97,tlO,98

97 BTERP • T(3,1)

GO T_ 88
98 HTERP = T(I,I)

GO T@ 88

C IF Y GREATER THAN YUP CHECK TO SEE IF Y IS CLOSE TO YUP. IF NOT ISSUE

MESSAGE, _ET BTERP = XLO(|F TONIC = -I,)

C BTERP = XUP(|F TONIC • _1.)

I00 IF(Y-(I.OOOOOOI*YUP))tOI,IOt,I02

102 CALL TTRACE(6H Y,Y,6H ,TB, _6HBTERP )

I01 IF(T_NIC)IC3,110_I04

!0_ B_ERP = T_l) ...............

GO T@ 86

104 B_RP = T(_J)
GO T_ 88

ON_ CANNOT GET HERE_._WE HOPE_

I10 CALL TTRACE(_H Y,Y,6HLURK ,5HBTERP)
G__T_ 88

END

L
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C
C

C

__ E_ IFUNT(E,NoX)

E IS THE _RRAY OF N DATA POINTS_ WHICH MUST BE EITHER STRICTLY

INCREASING OR DECREASING (MOkOTONIC),

C
_¢
0

C

C

C

C

C

IHUNT SEABCHES THE ARRAY E BY BINARY SECTION IN ORDER TO RIND

THE CLOSEST MATCH BETWEEN X AND THE VALUES IN THE ARRAY E,
THE VALUE RETURNED IS THE POSITION IN THE ARRAY OF THE LAST

POINT IN TkE ARRAY WHIC H IS SMALLER OR LARGER THAN Xm DEPENOING

UPON WHETHER THE TABLE IS MOkOTONIC INCREASING OR DECREASING

RERPECTIVELY. IHUNT IS USED_BY TERPU_

THIR ROUTIhE COMPARES X WITH E(I)JE(2) .... E(N) AND RETURNS A

VALUE FOR IHUNT

C IF X IS OLTBIDE THE INTERVAL PROM (E(I)eE(N)_ THEN IHUNT • _!,

DIMENSION E(777)

IF(E(N)-E(I)}I,200,2

I S='I,

Go T_

2 S=l,
5 IF(_*(X-E(I)))20,30, IO

I0 IF(S*(X'E(_)))40a25,20
25 IHI/NTmN

GO TO I01

30 IHUNT=I

GO TO t01

40 tLB=I

IUP=N

DO 99 K=lpl6

M=(ILO*IUP)t2

IF(_'(X-E(_)))5O_80_60
50 IUP=M

__ IF(IUP-ILO-I)IO0,80_99

60 IL_=M

IF(IUP-ILO-I)IO0,70,99

99 CONTINUE

70 IHHNT•M
GO T_ I01

__ Bfl IHIJNTmM-I

GO T_ I01

100 CALL TIEACE_Gj_X,6H LURKtSH1HUN_.

GO T_ 20

__?=.O_O_CALL TTRACE(3HELO_E(/ )p6H = EUP,SHIHUNT}

20 IHUNT=-I

___._TURh

END
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FUNCTION DkUNT3-(E.NqY)

I_ THE JRRAY ONE USES!
N IS THE _MBER OF POINTS IN THE TABLE.

Y ZS THE VALUE ON THE ORDINATE AXIS WHICH CORRESPONDS TO THE

NUMBER OR SOME PARABOLA,

C
¢
¢
¢
¢

IHUNT3 DOES EXACTLY THE SAME AS IHUNT, EXPECT THAT IT LOOKS AT

ONLY EVERY TH|RD E6EMENT |N THE ARRAY STARTING WITH THE RIRST,

THIS IS USED BY BTERP TO SEARCH THROUGH k TABLE OF PARABOLA

COEFF[CIENTS_ SINCE EVERY THIRD COEFFICIENT IS THE VALUE OR

Y AT THE BEGINNING OF A PARABOLA, THIS LOCATES THE PARABOLA

NUMBER WHICH CORRESPONDS TO X • A SPECIFIED VALUE OF Y,

IST ENTRY T(I*I) • XLO
2ND ENTRY T(2JI) • I_/XDEL XDEL IS THE SPACING BETWEEN PARABOLAS

XDEL/2. I_ THE SPAC|NG 3ETHEEN POINTS

3RD ENTRY T(3_I_ • XUP

4TH ENTRY T(I,2_ • NUMBER OF PARABOLAS OR (NUMBER OF PANELS)
PTH ENTRY T(2.2) • TONIC I,E_ _1, IF DECREASING, +1, IF |NCREASINGI

0 IF NOT MONOTONIC, TONIC IS SET [N TABX=
6TH ENTRY T(3,2) = EXTRA SPACE AVAILABLE TO ONE WHO WISHES TO USE IT,

DIMENSION E(3,777)

X = Y
IF(E(I,N)-E(I,I))I,200,2

I S='I,

GO TO5
. o

2 S=I.

5 IF(S*(X-E(

I0 IF(S=(X-E(

25 IHUNT3=N

GO TO lot

,I)))20,30.10

_N)))40e25m20

30 IHUNT3=I

G_TO "01

40 IL_•I

DO 99 K=I,16

Mm(ILO*|UP)/2
IF(S*(X-E(I,M)))50,80*60

50 [UP=M

IF(IUP-ILO,I)IOO,80a99

60 |LM=M

TF(IUP*ILO,I)IO0,70,99

99 CONTINUE

70 tHUNT3:M

GO TO I01
BO IHUNT3=M-I

GO To I01
I00 CALL TTRACEI3HARG_X,6H LURK,6HIHUNT3)

GO T_ 20
200 CALL TTRACE(3HELO,E(i,I)_6H • EUP,6HIHUNT3}

20 ]HUNT3=_I
I01 RETURN

END
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FUNG_ERP_) __ __

e

C

C

C

C

C

C

C

x IA THE _AI uF AT WHICH ONE WANTS AN INTERPOLATED VALUE OF Y,

TROB IS TkE ARRAY ONE USES,

TERP2 IS SORT OF AN ANACRONISM WHICH MAY PROVE OSEFUL, IT-HAS THE

_ SAME_URPOSE AS TERPT, EX_TjS SOMEWHAT MORE ACCURATE AT THE

EXPENSE OF MUCH LONGER EXECUTION TIME.

C IT IS BASED ON THE PRINCIPLE THAT ONE CAN DO A PARABOLIC INTERPOLATION

B_tJSING TW_ DIFFERENT E_eF THREE POINTS, THUS TEPP2 IN EFFECT

C DOES TWO PARABOLA INTERPOLATIONS USING EACH POSSIBLE SET, AND THEN

C RECUR S_j3!STHE A_RAGE OF THE TWO, THIS SYMMETRICAL TREATMENT GIVES

C EQUAL CONSIDERATION TO EVERY DAIA POINT (EXCEPT THE END ONES},

C AT THE END,s THE RESULT I_ T_E SAME AS TERPT,

O

C ._I ENTRY T(I,I) = XLO

C 2ND ENTRY T(2,1) = I./XDEL XDEL IS THE SPACING BETWEEN PARABOLAS

.____[$_ _CING BETWEEN POINTS

C 3RD ENTRY T(3,1} = XUP

C 4TH ENTRY T(I.2) = NUMBER OF PARABOLAS OR (NUMBER OF PANELS)

C 5TH ENTRY T(2,21 = TONIC I,E, "I, IF DECRFASING, +I, IF INCREASING,

_C __N_OT MeN,TONIC. TONIC IS SET |N TABX,
C bTH ENTRY T(3,2} = EXTRA SPACE AVAILABLE TO ONE WHO WISHES TO USE IT.

DIMENSION TAB(77),C(7),T(9)

DO 4 I=lt7

4 C(1)=TAB(1)

NPRAB=C(4)

C(6)=TAB(3*EPRAB÷7)

__ Z=(X-C(I))'_(2)

20 II=Z

FI,II

F=2.0"(Z-FI)

22 _-4

DO 34 K • 1_9

T(K)=TAB(I)

34 I=I*1
IF(Z-.5)90,24,24

24 IF(Z-(C(4)-,5))3OotO0_lO0

3_1_" (F " !,0) 2,2,3
O POINT IS IN LEFT HALF OF PARABOLA 234 0118

C 234 0119

20=F

YMI=T(I)_.5"T(2)÷.25_T(})

YO=T(4)

Y L=T(4)+,5"T(5)÷,25=T(6)

Y2=T(7)

O_ T_ 50
POINT IS IN _IGHT HALF OF PARkBOLA

234 0102

2_4 010}
234 0 04

234 0 05

234 0 06
234 0 07

234 0 08

234 0

234 0 !1

234 0 09

234 0 15

234 0 16

234 0 12

234 0120

234 0121

234 0122

234 0123

234 0124

234 _/25

234 0126
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30=f_l,O

YHImT(4)

234 0 27

234 0 28

234 0 29

234 0 30

234 0 31

234 0 32

X,C(I),Z/C(2),6H .TS,,OH3TERP2)

YO=T(4)*,5'TtS)*,25"T(6)

YI=T(7)
Y2=T(7)*,5*T(8)+,25*T(9)

50 TERP2 = YO * _25"Q'('(YHI÷Y2)_3t*YO÷5,*YI + O*((YHi÷Y2)'YO'Yt])

88 RETURN 234 0137

C THIS SECTION ]$ ENTERED FOR FURTHER CHECKING |F POINT _EAR EDGES 234 0059
C 234 0060

C CHECK FOR POlhT... lh IST HALF PARABOLA OR BELOW XLO 234 0061

90 IF (Z) _1,94,95

9l IF (Z " (-IRE'7)] 92,93e93

92 CALL TTRACE(6H

93 Z = OJ
GO TO 20

94 CONTINUE

95 0 = F
YO=T(4) 234 0068

YImT(4)+,5*T(5)÷,25°T(6)

Y2=T(7)

234 0069

234 0070

YMI = 3,'YC e 3,*YI + Y2

GO Tn 50

234 0071

234 0072

C CHECK FOR Pffl_T... IN LAST HALF PARABOLA OR ABOVE XUP 234 0073

C IF PBINT AT {R SLIGHLY OVER UPPER EDGE, REDUCE TO JUST BELOW,

C IF PffINT TOO FAR ABOVE EDGE, ISSUE MESSAGE AND REDUCE TO JUST BELOW.

I00 IF (Z _ C(4)) 104,103,101

I01 IF (Z w (C(4)+I.Eo7)) 103o103,102

102 CALL TTRACE(6H X,G(I)eZ/C(2)e6H tTB,e6H3TERP2}

103 Z = ,99999998 • C[4)

GO Tn 20

104 0 = F - I,0

YMI = T(4)

YO • T(4) * .5•T(5) * .25"T(6)

YI = T(7)

Y2 I 3,*YI " 3.*YO ÷ YMI

GO TC 50
END

234 0080
234 0081

234 0082

234 0083

234 0084
234 0164
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SUBROUTINE TTRACE(VAR,VAL, TYFpSUB)

C THIS IS FORTRAN FOUR VFRS[_N OF TERP SYSTEM
0
C .T_ MEA_$ TOO BI_
C .TS. MEA_S TOO SMALL,
O LNjLMON MEANS NOT M_N_TONIC.
C LURK MEAN5 THE IMPOSSIBLE OCCUHED IN A ROUTINE. i W_ HOPE y_U _EVER
C SEE THIS MESSAGE .)
C ELO • X,X_XXE-XX = EUP MEAkS THAT THE TABLE OF DATA POINTS USED

_Hy_A_ TERPU |S NOT MOhOTONIC AND CANNOT BE USFD BY TERP SYSTEM.
C .N.IN. MEANS THIS VALUE IS NOT IN THE SPECIFIED ARRAY.

W_G_E MEANS THAT THE S_ePE HAS CHANGED WITHIN A PARABOLA,

C

IF(KKK-t5t78)IO,20=IO
I0 KKK=ISI78

THIS TAPE _bMBER MUST RE CHAkGED IN DIFFERENT FORTRA_S.

NT_U=6
K_UNT(=O
KOtJNT2=O
KOUNT3=O

KOUNT4=O
_ KOUNTS:0

CALL EOUIV(SUBI,6HTERPT )
CALL EOUIV(SUB2,GHBTERP )

CALL EQUIV(SLtB3,6HTERPI )
_¢
O
m

C
C

C

THIS SECTION CONTROLS NUMBER OF LURKS PRINTED.

20 KOUNTS=KOU_TS÷I
IF(K_UNTS-5)30,3Ow40

30 WRITE(NTOU,901)
WRITE(NTflU,902)
WRITE(NTOU,903)

THIS SECTION CONTROLS NUMBER OF ERROR MESSAGES GIVEN. MAXIMUM OF
TEN FOR TERPT, BTERP, AND TEfiPIt MAXIMUM OF TWENTY F_R ALL OTHER
SUBROUTINES...

MAXIMUM OF FIVE,..

40 IF(SUB-SUBI)50,70sSO
50 IF(SUB-SUB2)6OmO0,60
60 IF(SUB*SUB3)IO0,90,100
70 KOtJNTI=K_U_Tt*I

IF(KOUNTt-IO)IIO, IIO,I90
80 KOUNT2=KOUkT2÷I

IF(KOUNT2=IO)IIO, IIO_I20
90 KOUNT3=KOUhT3÷I

IF(K_UNT3-10)IIO,IIO,I20
I00 KOUNT4=KOU_T4÷I

IF(KOUNT4_20}IIO, IIO, 190

120 RETURN

O T_IS IS TkE ERROR MESSAGE,
C

900 FORMAT(IBHO **=** ERROR A6=3H = EIOt3J2XA6e4H IN A6=7H *****)

0 THIS IS TFAT MONSTER LURK,
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901 FaRMAT(IH25X26HBEWARE

_72X_HXXIIX3_ZAP/

-71X3WXXV8X_XXX/

_70X4HXXVVgk2HXX/
-69X3HXXVIO_I_XlXlHX/

_68X4HXXVVSklHX3XIHX/

THE LURK, ZAP, ZAP,42XlHXI

_67X3HXXV6XI_XIXIHXIXIHX)

902 FORHAT(66X4_XXVVSXIHX3XIHX/
_65X3HXXV2XI_X3XiHX/

_64X4NX×VVIXlWXIXIHXIXIHX/

e6OX2HOOIX3kXXVIX2HXX3XIHX/

e58X9HXXXXXXVVV/
.57X8HXXXXX_XAIXtHAIXjHAIXIH&IXINAIXIHAIXtHAIXIH&IXIHA/

_56X26HXXXXXXXAAAAAAAAAAAAAAAAAAA)

903 FORHAT(19X_4tlHX)/

_ISX2NXXSXI_L4XIHU2XINU|X4HRRRRIXIHKIXgHKKtlX23(I_X)t

tl7X2HXX6XIkL4XlHU2XgHU R R NKI2X4NXXXX/

el6X_HXXTX!kL4XIflU2X9HU RRRR KKIIX3HXXX/

=ISX2HXXSX4FLLLL2XI3HUU R R K KSX3HXXX/
_I4X2HXX3X4C(IHX)/

_SXI4HXXXXXXXXXXXXXX4X2HXX3XgHXXIIX2HXX3X2HXX/

e6XI2HXXXXXXXXXXXXSXgHXXXX Xxxxgx4HXXXX)

END

OI

02

03

04

05
06
07

O8
9

0

9
20
21

22
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_UTINE E_UIV(X,Y) .......
C

C EOuIV IS LsED SO THAT ONE CAN DEFINE A HOLLERITH _|TERA_t
C I, E, IF OkE WISHES TO SEE IF THE WORD DENOTED BY X cONTAINS A

CERTAIN SIW HOLLERITH LETTERSL ON. COULD USE AN IF STATEMENT .....
C IF (W_WORD)A_B_C

_ ___NE_EDS SOME WAY OF SETTING WORD _AL TO_THE WOLLERI. T_
C
C
C

C

C
C
C

INFORMATIEk THAT ONE WISHES TO CHECK, ONE EASY WAY IS TO READ THE
INFORMATION INTO WORD USING A IA6 FORMAT ,
HOWEVERe EQUIV OFFERS AN ALTERNATIVE WAY, BASED ON THE FACT THAT

NEARLY ALL FeRTEAN GO__!_CEP__LEAS? O_ORD OF HOLLERITH
INFORM_TIO_ AS A SUBROUTINE ARGUMENT, FOR EXAMPLE.

CALL EQUIV(WORD,SHSMITH)

THEN WORD WILL CONTAIN THE {eOE_ HOLLERITH FOR SMITH,

RETURN
END
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C
¢
C

¢
C

C

SUBROUTINE MDECK(NAMEIaNAME2,ToNT)

THIS SUBROUTINE WAS WR|TTEN _N _ORTRAN FOURt

TgARRAY NA_Et_HE ONE TO BE PUNCHED BY THIS SUBROUTiNEs)

NAMEIglS T_E DESIRE_ NAME ONE WISHES TO CALL HIS NEW SUBROUTINE.

NAME2-SUBRCUTINE CALLED(TERPTt._a ETCt|

NT-TAPE NUWBER

THIS SUBROUTINE MAY BE USED WWEN IT IS DESIRED TO OBTAIN

A BINARY DECK OF SOME FUNCTION WHICH HAS BEEN GENERATED BY TME TERP

SYSTEM, IN ORDER TO DO THISm ONE MUST FIRST BET AN ASSEMBLY LANGUAGE

DECK AND TPEN ASSEMBLE IT. TWIS SUBROUTINE MAKES THE ASSEMBLY

LANGUAGE UECK,

AFTER ASSEMBLY_ IN ORDER TO EXECUTE_ ONE MUST LOAD THE BIN&AY DECK

FOB THE TAELE_ AND THE SPECIFIED SUBROUTINE(TERPT,JOEe OR ODISK)m
AND THE SUER_UTINES WHICH IT CALLS(TTRACEw JOEJIE, OR KOtSK),

FAPP AND CODAP PUNCH THE ARRAYS IN 7090 OR 1604 COMPUTER FORMATS

RESpECTIVELy,

THIS CAPAEILITY IS NOT LIMITED TO THE TERP SYSTEM,

C

C

¢

MDECK PRO_bCES A DECK OF CARDS ACCEPTABLE TO THE FORTRAN FOUR

ASSEMBLER {k THE 7090,

DIMENSIQN _(777)

_ITE(NT_gC)NAMEIeNAMEI_NAMEI

WRITE(NT_91)NAME2

...... 9__ (_H}IBMAP IA6 _67X/

J 15H ENTRY IA6 _59X/

J6HEEGIN EQU • ,64X/
3 A6pISH SXA BACKe4 _S9X/

4 IBH CL___ _ e62X)

91 FORMAT(18H STA **4 m62X/

I 15H CALL JA6 .60X/
2 19H ETC {•*, ,6IX/

3 1OH ETC TI) _O2Xl

4 19HEACK AXT **+4 a6lX/

5 |OH TRA 1+4 +62X)

N=3.'T(4)*7,

_ DO lt_.I=/,k ._ _
I10 CALL FAPP(T(I),I,NT)

WRITE(NT.9_)
92 F_RMAT(IUH END,7OX)

............RETURN
END



-29 -

____ SUBROUTINE FDECK(NAMEI,NAJ_Ej_#TwNT) ....

C

C THIS SUBRCUTINE WAS WRITTE N IN FORTRAN FOUR,
C

C _A_RAY NAAME(THE ONE TO _E PUNCHED BY THIS SUBROUTINE_I

C NAMEI-IS TPE DESIRED NAME ONE WISHES TO CALL HIS NEW SUBROUTINE,

NAM_SUBR_UTINE CALLED(TERPT,.,, ETC,) _.

C NT-TAPE NUMBER

¢

C THIS SUBRCUTINE MAY BE USED WHEN IT IS DESIRED TO OBTAIN

_.__ ___A BINARY DECK OF SOM__N WHICH HAS BEEN GENERATED BY THE TERP
C SYSTEM, IN CRDER TO DO THIS, ONE MUST FIRST GET AN ASSEMBLY LANGUAGE

.C _E._I__ S_MB_T__.THIS_ROUT_MAKES THE ASSEMBLY
C LANGUAGE DECK.

C

C AFTER ASSEMBLY, IN ORDER TO EXECUTE, ONE MUST LeAD THE BINARY DEC_

_E TAELE, AND TH_CIFIED SUBROUTINE(TERPT,JOEp OR QDISK},

AND THE SUERBUTINES WHICH I? CALLS(TTRACE, JOEJOE, OR KDISK),

C

C

C

C
C

C

C

FAPP AND CEDAR PUNCH THE ARRAYS IN 7090 OP 1604 COMPUTER FORMATS

RFRPECTIVELY.

THIS CAPAEILITY IS NOT LIMITED TO THE fERP SYSTEM,

FDECK PRO£UCES A DECK OF CARDS ACCEPTABLE TO THE FORTRAN TWO

ASSEMBLER C_ THE 7090,

DIMENSION T(777)

WRITE(NT_90)NAMEI_NAMEI

WRITE(NT,91)NAME2

90 F_RMAT(24H' FAP ,56X/

I 15H ENTRY

2 16HEEGIN EOU

3 A6,18H SXD

4 24H CL A

STA

TSX

5 24H

9_RMA.T(24N

I 24H TSX

2 _4H TSX
3 24H LXD

4 24H TRA __4
5 1AN NoP $1A6

IA6 ,59X/

• _4X/
BEGIN-2,4,56X/

It_ _ _56X!
• +2 ,56X)

BEGIN-3,_56X/

*', ,56X/

TIJO ,56X/

BEGIN'2,4,56X/

,56X/

N=3.*T(4}*7_==

C ARRAYS RUN BACKWARDS IN FORTRAN_2

DO IlO II=I_N

I=N-II_I

__[_CALL FAPP(T(I)w|,NT)

WRITE(NT_92)

92 F_AT(IOH END,7OX]

RETURN

END

,58X)
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SUBROUTINE CDECKfNAMEImNAHE_T,NT)

THZS SUBR_UT_ NE HAS NR|TTEN IN FORTRAN FOUR_

T=ARRAY NAmE(THE ONE TO BE PUNCHED BY THIS SUBROUTINE,)

NANEt-IS TkE DESIRED NAME ONE WISHES TO CALL HIS NEN SUBROUTINEt

NAME2=SUBR_UTZNE CALLED(TERPTt*t* ETC.)

NTeTAPE NUVBER

¢

THIS SUBROUTINE MAY BE USED HNEN IT IS DESXRED TO OBTAIN

k B|NARY DECK OF SORE FUNCT|ON WHICH HAS BEEN GENERATED BY THE TERP

SYSTEM, ZN ORDER TO DO THISe ONE MUST FZRST GET AN ASSEMBLY LANGUAGE
DECK AND T_EN ASSEMBLE iTe _iS SUBROUTINE MAKES THE ASSEMBLY

LANGUAGE DECK,

AFTER ASSEMBLYa IN ORDER TO EXECUTE_ ONE MUST LOAD THE BINARY DECK

FOR THE TAEL_J AND THE SPECIFIED SUBROUTINE(TERPT,JOE_ OR OD_SK)=
AND THE SUER_UTINES NHICH IT CALLS(TTRACE, JOEJOE, OR KD|SK],

FAPP AND CODAP PUNCH THE ARRAYS IN 7090 OR 1604 COMPUTER FORMATS

REfiPECTIVELY.

THIS CAPAEILITY IS NOT LIMITED TO THE TERP SYSTEM,

CDECK PRODUCES A DECK or CARDS ACCEPTABLE TO THE FORTRAN 63

ASSEMBLER _N THE 1604

DIMENSION T(777)

WRITE(NT,9_)NAMEI,NAMEI,NAMEItNAMEI

NRITE(NT,9t)NANE2mNANE2

90 FORMAT(J9H IDENT IA6 _55X/
I 19H ENTRY IA6 o55X/

ATa3Xfl2H 0 ** t59X/
3 24H 5IU 6 SAVE6 e56X/

4 19H LIU 6 !A6 __ _5_

5 20N LDA 6 0 #60X/
6 20H !NI 6 I _60X/

7 25N $|U 6 RETURN e55X/

8 25H ARS 24 _5_X)

91FORMAT(25H SAU XADD _55X/

, 19H EXT IA6 _55X/
I 19N RTJ Ii6 _55X/

2 25HXADD _ ** .55X/

3 25H 0 TOOl $55X/

4 25MSAVE6 ENI 6 ** _55X/

5 25HRETURN SLJ

N=3,*T(4)*7,
DO 50 I=lak

50 CALL CODAP(T_),I*NT)

WRITE(NT=92)

9_ FORRAT(12H END
RETURh

END

** JS5X)

f6_X)

IL
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.... SUB_UTI.NE CMDAP(A,N,NT)

C

THIS SUBRCt;TINE WAS WRITTEN IN FORTRAN FBUR.

C

C A I_THE_MBER ONE WANTS CeNVERTED TO MACHINELANGUAGE,

C N IS THE _ALUE OF THE D_ LOOP USED TO GFNFRATF THE PUNCHED CARDS.
C NT IS THE TAPE NUMB_=R

C

C CMDAP PUNCHES THE SPECIFIED ARRAY, T, IN k FORMAT ACCEPTABLE TO THE 1604__

C
NIOO=N/IO0 _

NIO=(N_IOO'NIO0}/IO

NI.=_IOO-IO*N]O

IF(A)IO,60,15

IO AB_A=,A

GO TB 16

16 EE=O.434294481"ALOG(ABSA)

_ _LE=EE÷4O.

IE=IE-40

FRAC=ABSAI(In.''IE}

IF(FRAC-9,9999995)25,25,20

_ J?LO FRAC=I.

IE=IE*I

25 IIE=IE

IF(IE)21,30o30

21 IE=_IE

30 1

I

I

40 1

IO=IE/IO

l=IE=lO'IlO
F(IIE )40,50,50

F(A)41,60,4_

41 WRITE(NT_9OO)NIOO,NIO_NleFRACIIIO_II

GO TO 70

42 WRITE(NT,9OI)NIOO,NIO,NI,FRAC+IIO,II

..... GO_____O

50 IF(A)51,60+52

5! W_E(NT,902)NIOO,NI_$Cjj_J_,I_

GO Tn 70

52 WRITE(NT+903)NIOO,NIOpNI+FRAC,IIOpll

GO Tn 70

60 WRITE(NT+904)NIOO+NIJ_NI

70 RETURN

900 FORMAT(IHT_3I!,4X+I2H DEC -F 9,7,2HD-211,47X)

901 FO_MAT(IHT,311,4X_I2H DEC

90_ FORMAT(IHTt3TIt4X, t2H DEC
903 FO_MAT(INT,3IIp4Xol2H DEC

904 F0_MATtlHT_3II,4X,25H _EC

END

*F 9,7e2HD-2II+47X)

-F 9t7e2Wp+2Ilo47X}
*F 9,7,2HD+2II_47X)

+OtOOOOOOOD÷OO,47X)
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SUBR_UT%NE FAPP(A=ItNT)

TWlS SUBR_TI NE WAS WRITTEN IN FORTRAN F_UR+

A IS THE k_MBER ONE WANTS C_NVERTED TO MACHINE LANGUAGE,
I IS THE _ALUE OF THE DO LOOP USED TO GENERATE THE PUNCHED CARDS,
NT IS THE TAPE NUMBER

FAPP PUNCkE$ THE SPECIFIED ARRAYj T,

EXAMBLE
•,T,,! ..... DEC,,,-I,1234567E+04

IN A FORMAT ACCEPTABLE TO THE 7090,

IF(A)IO,60,15
I0 AB_A=.A

GO TB 16
15 ABSA=A
i6 EE=O,434294481"ALOG(ABSA)

|E=EE*401

2O

IE=IE-40
FRA_=A/(IO,'*IE)
IF(FRAC*'2,9,9999995*'2)25,25+20
FRAC=I,
IEtlE*I

25 IIE=IE
IF(IE)21,30,30

2t IE=-IE
30 IIO=IE/IO

II=IE-IO'IIO
IF(lIE)40,+50'50

40 WRITE(NT,9OO)I,FRAC+IIOoll
GO T_ 70

_0 WRITE(NT+gGI)ImFRAC_I!O,II
GO TB 70

60 WRITE(NT+902)I

70 RETURN
900 FORMAT(2XtkTI3mOH DEC
90t FORMAT(2XIkTI3,OH DEC
902 rORMAT(2XIWTI3,22H DEC

END

FIO,7+EHE-_IL+52X)
FIO,7+2HE+2II,52X)

O,O000000E+OO,5_X)



-35-

C
C
C

C

_BROLL_ NINE TYHE3_IjNT}

THIS IS A FCRTRAN.4 VERSIO_ CF TYME
THIS $UBROLTINE WORRS ONLY 8k LOCAL MACHINES, THE 7090 AT K*I007,

IN TNIS VERSION OF TYME ! IS A DUMMY ARGUMFNT

CALL TAD(T,_)
WRTTE(NT,gE_}T
RETURN

9(]__FORMAT(SHOTIME : IA6__
END

k
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B A A __

(TAD, TIME AND DATE FORTRAN BCD RDLTINE

*NFW CLOC_ HEADING RfIUTINE,
=THIS IS A REVISE; CLOCKING ROUTINE TO UTILIZE A COUNTER F(_R THE ')AY

t OF THE YEAR,
REM

• TWO C_DE WORDS A_E READ INTO CORE FROM THE ECHO ENTRIES. EACH I5

• DIVIDED I_T_ FIVE BYTES AS FOLLOWS,..,,.,,.

REM
tWORD TWO S USED TO SIGNAL CORRECT TRANSMISSION,

• I-3 _ENS OF HOURS,

• 4-13 I/NITS OF HOURS,

= 14"1_ TENS OF MINUTES(

REM

•WnRD

20-29 IJNITS OF MINUTES,

30-35 TENS OF SECONDS,

35-S MACHINE NUMBER

1710 UNITS OF YEAR,

I J_]4 HUNDREDS OF DAYS

(39 IS THE HIGH ORDER END)

• 15-24 TENS OF DAYS.

• 26-34 UNITS OF DAYS.

REM

FACM BYTE THE BITS ARE GIVEN WEIGHT ACCORDING TO ITS POSITION--_

t FIRST POSITION IS ZERO, SECOND IS I. THIRD IS 2, ETC, EACH BYTE

• SH_COhTA_=NE (AND ONLY ONE) ONE'BIT, THIS IS VERIFIED FOR
• THE SEC_N_ (TIME) WORD BUT KOT FOR THE FIRST (DATE) WORD, THIS

• ROUTINE Ct_VERTS THE TIME TO A BINARy INTEGER MEASURING THE TIME

• OF DAY IN bNITS OF iO_SECONCS, THE DATE IS PUT INTO THE FORM,,,

• MMDDGY(_ HCD) WHERE y IS THE DIGIT FOR THE UNITS POSITION OF

• THE YEAR (A,D,) AND APPEARS AS THE TRU DIGIT FOR MACHINE

• NUMBER ZEF_, AND PLUS _ONED (B FOR 2) FOR MACHINE NUMBER ONE(
• M_ AND DD ARE THE MONTH AND DAY DIGITS,

REM

,m THIS ROUTI_,E IS GOOD THRU 1969,

ENTRY TA_ -

_ S_X___ X !_,J

SXA X2,2

SXA X4t4
STZ

REAP___ EOAJ *

FLA_ FLAG TO TRY TWICE

STZ TIME

TS_Z TIPE÷I

PRINT BLANKS SO AS

TO HAVE NO ECHOS

TCOA • INSURE NO CHANNEL TRAPS

TCOA "'I (THIS VERSION WILL WORK EITHER WITH CHANNEL

TCOB * TRAPS ENABLED DR DISABLED)

RPRA

RCHA

READ THE PRINTER,

SPRA 6 SENSE THE CLOCK

AXT 47_4 COUNT COPIES
TNX E_R,4,2

LCHA_

LDO TIME PICK UP SIGN AND

'-3 TRY AGAIN UNTIl CORRECT
AXT 1,4 CONTROLS LOOP FOR DATE

AXT 3_1 BITS IN FIRST BYTES
PXD ,0

• BLOOP EOU __.

LDO TIME*I_4 GET CODE WORD
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____ tEXt' 5,2

ROL ROL I
TOP F=QU *

k O_OF_ E S

LOOK AT NEXT BI-T

TOP ACD

ROL I

TNX T_X,I,I

TOP ''2

TXH ERR,4,0

TRA *-4
&DO ADD* ACDER,4

TlX RCL,Iml

BRR TXL TAX,4,0
ZFT FLAG

TRA DATF

STL FLAG

TRA READ

_____NX CYCLE,_d

XEC *_2,4

XEC TTXI,2

XEC DTXI,2

TXI TCP,I,9

TXI TCP,!,5

TXI TCP.I,9

TXI TCP,I,5

TXI TCP, I,9

TX! TCP. Im9

TXI TCP_I,I
_TWI EOIJ *

PZE TIVFR,2

&DDER PTE DATER,2

BCI
TIMER EOU

ADD IF PLUS

OTHERW_ SHIFT TO

END OF BYTE

(TWERE SHOU6D NOT

BE ANY ONE-BITS,)

IGNORE ERROR FOR DATE

ADD PROPER AMOUNT

AND GO _AT NEXT BIT,

IGNORE DATE ERROR

RIRST ERROR

kO, .BUT GO DO DATE

YESp SO GO TRy AGAIN

THRU WITH TH!$_G_

SELECT CORRECT TXI

INSTRUCTION_ EXECUTE

SET INDEX FOR NEXT BYTE SIZE

5,10000001000000100000010000001O
t

DATER
TEN

BCI 5wOlOOO0000100000010000001001000

REM YR IOOD !OD _..]_ MAC
DEC I,IOOBI7,10BI7,1BI7,1831

BC| leOOO060 GOOD THRU 1969 _NkY,

SYN DATER-3

TIX

TIX

TIX ....

TIX

TLX_____

TIX

TIX

TIX

TIX

TIX

TIX

TIX

TIX

DAYMO EOU

XEC,2,99 13TH MONTH FOR GOOD MEASURE,
XEC,2,31 D£CEMBER

XEC.2,30 NOV,

XEC,2,31 OCTOBER

XEC_ SEPTEMBER

XEC,2,31 AUGUST

XECm2t31 JULY

XEC,2,30 JUNE

XEC,2,31 MAY

XEC,2,30 APRIL

XEG,2,31 MARCH

XEC,2,29 FEBRUARY, LIKF IN LEAP YEAR,

XEG,2p31 JANUARYt

• 3U DAYS HATH SEPT APR JUN AND NOV, ALL THE REST HAVE

_I EXCEPTING_EESRUARY ALONE,

CYCLE TXL E_D,4,0

STZ FLAG
DATE CAI DATER

AXT IC,I

TXI DLOOP,4_-I

_ND PDX 0,2

IF DATE DONE, EXIT

_THERWISE_ SAVF TIME

CLEAR POSSIBLE ERROR FLAG

SET Up DATE DATA

SET SIZE OF FIRST BYTE

AND LOOP AGAIN

DAY OF YEAR TO XR2
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STA DATES
ARS 5
ADp DATES
ANA =_
TZE _*_

LEAP YEAR ADJUSTMEH _
@00D THR U YEAR F999 (A+_,

T_ANSFERS ON rEAP YEAR

AXT
XEC TXI

XEC
PXD _
XCA
PXD
DVP
ROL
LGR
RQL,

TXL *.2,2_28+31 TRANSFERS FOR JAN. OR FEB.
TX| **],2ql ADD EXTRA DAY IF AFTER FEB. 28t

*MAKE ALL YEARS LOMK LIKE LEAP YEAR @Y ADDING AN EXTRA DAY FOR THE
eN_N-LEAPING yEARS.

0_4
*_1,4,1 GET MONTH IN XR4
DJYMO,4 ANO DAY IN XR2
0,2

TEA
24
24
3_

TXL **2,4,9
Tx| .+1_4_54
PXA 0,4
LGL 12

CONVERT TO BCD

XXUXXX (N AC, XXXXXT IN THE MO,
XTXXXX NOW IN MO,
UXXXXT IN MO,
TUXXXX NeW IN MQ,

CONVERT MONTH TO BCD

ALS 12
. ORA DATES

XCA
X4 AXT
X2 AXT **,2

AXT *'ll
STQ*
CLA
STO"
ZET
TRA

PATE IN THE MQ
*.,4 LOAD THEM UP

4,4
TI_H TIME IN THE AC
3j4
FLAG AND RETURN

TRA 1j4
IO IOCP TIME*I,,I

TIME OCT
FLAG
DATES
_ END

I,4 ERROR
OR NORMAL

SCRAMBLE

kON-ZERO FOR TIME ERROR

SDA?A
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BEWARE THE LURK. ZAP. ZAP. X

XX ZAP

XXV XXX

XXVV XX

XXV X X

XXVV X X

XXV X X X

XXVV X X

XXV X X

XXVV X X X

O0 XXV XX X

XXXXXXVVV

XXXXXXXA A A A A A A A A

XXXXXXXAAAAAAAAAAAAAAAAAAA

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XX L U U RRRR K KK XXXXXXXXXXXXXXXXXXXXXXX

XX L U U R R KK XXXX

XX L U U RRRR KK XXX

XX LLLL UU R R K K XXX

XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXX XX ×X XX XX

XXXXXXXXXXXX XXXX XXXX XXXX

• ==== ERROR XVALUE = 0.332E 0G WIGGLE IN TABX ==$=t
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CALCULATE LOGlOt.Olt 10. ) N=IO0

X LOG{X) TERPT(X| ERROR

0-0_ -2.0000000 -2.0000000 -0.
0.02 -1.6989700 -1.89596B0 0.1969780

0.04 -1.3979400 -1.6987655 0.3008255
0.08 -1.0969100 -1.3480868 0.2511768

0.10 -1.O000000 -1.1945906 0.1945906
0.20 -0.6989700 -0°6455404 -0.0534296

0.4Q -0.3979400 -0.4003658 0_0024258
0,80 -0.0969100 -0.0970216 0.0001116

1.00 -0.0000000 -0.0001049 0.0001049

2.00 0.3010300 0.3010046 0.0000254

4.00 0.6020600 0.6020579 0.000002]
8.00 0.9030900 0.9030904 -0°0000004

I0.00 1.0000000 l.O000000 O,OO0000O

CALCULATE LOGIO FROM EXPONENTIAL N=IO0

Y LOG[Y) 8TERP(Y) ERROR

0.01 -2.0000000 -2.0000000 -0.

0.02 -1.6989700 -1.6989333 -0.0000367

0.04 -1.3979400 -1.3979260 -0.0000140

0.08 -1.0969100 -1.0969320 0.0000220

0.10 -1.0000000 -1.0000262 0.0000262

0.20 -0.6989700 -0.6989979 0.0000279

0.40 -0.3979400 -0.3979141 -0.0000259

0.80 -0.0969100 -0.0968784 -0.0000316

1.00 -0.0000000 0.0000277 -0.0000277

2,00 0.3010300 0,301C221 0.0000079

4.00 0.6020600 0.6020270 0.0000330

8.00 0.9030900 0.9030797 0.0000103

10.00 1.0000000 1.0000000 O.
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_OGlO{,OltlO-) USING UNEQUAL SPACING N=IO0

X LOG[X) TERPT(X) ERROR

0.01 -2.0000000 -2.0000000 -0.

0.02 -1.6989700 -1.6989700 -0.0000000

0.04 -1.39T9400 -1.397940C 0.0000000

0.08 -1.0969100 -1.0969100 0.0000000

0.10 -i.0000000 -1.0000000 -0.

0.20 -0.6989700 -0.6989700 0.0000000

C.40 -0.3979400 -0.3979401 0.0000000

0.80 -0.0969100 -0.0969100 O.OOCO000

1.00 -0.0000000 -0.C00000! 0.0000001

2.00 0.3010300 0.301C300 0.0000000

4.00 0.6020600 0.602C599 C.O000001

8.00 0.9030900 0. g030900 0.0000000

I0.00 1.0000000 I.CCO00CO C.O000000

CALCULATE SIN{O.,I.TJ N=IO0

X SIN(X) TERPT[XI ERROR

-0. -0. -0. -0.

0.10 0.0998334 0.C998321 0.0000013

Co20 0.1986693 0.1986684 0.0000009

0.30 0.2955202 0.2955204 --0.0000002

0.40 0.3894183 0.3894194 --0.0000011

0.50 0.4794255 0.4794265 -0,0000009

0.60 0.5646425 0.5646419 0.0000006

0.70 0.6442177 0.6442167 O.O000010

0.80 0.7173561 0.7173557 0,0000004

0.90 0.7833269 0.7833272 -0,0000004

l.O0 0.8414710 0.8414717 -0,0000007

1.10 0.8912073 0.8912076 -0,0000003

1.20 0.9320391 0.9320386 0.0000004

1.30 0.9635582 0.9635578 0.0000003

1.40 0,9854497 0.9854497 0,0000000

1.50 0.9974950 0.9974950 -_.0000001

1.60 0.9995736 0.9995735 O.O000001

1.70 0.9916648 0.99_6648 -0.0000000



CALCULATE SIN(O.tI.7) N=IOO

X SIN{X) TERP2(X) ERROR

-0. -0. -0. -0.

0.10 0.0998334 0.C998333 0.0000001

0.20 0.1986693 0.1986695 -0.0000001

0.30 0.2955202 0.2955201 0.0000001

0.40 0.3894183 0.3894183 O.O00000I

0.50 0.4794255 0.4794257 --0.0000001

0.60 0.5646425 0.5646423 0.0000001

0.70 0.6442177 0.6442176 0.0000000

0.80 0.7173561 0.7173562 -0.0000001

0.90 0.7833269 0.7833268 0.0000001
1.00 0.8414710 0.8414710 O.

I._0 0.89_073 0.89_2074 -0.000000|

1.20 0.9320391 0.9320390 0.0000001

1.30 0.9635582 0.9635582 0.0000000

1.40 0.9854497 0.9854497 O.

1.50 0.9974950 0.9974950 0.0000000

1.6C 0.9995736 0.9995736 0.0000000

1,70 0_9916648 0.9916648 O.

INTERPOLATE SIN(O.,I.5) BACKWARDS N=IO0

Y=SIN(Xp x BTERP(Y| ERROR

O. -0. -0. -0.

0.0998334 O,lO 0.0999993 -0.0000007

0.1986693 0.20 0.1999992 -0.0000008

0.2955202 0.30 0.2999996 -0.0000004

0.3894183 0.40 0.4000001 0.0000001

0,4794255 0.50 0.5000006 0,0000006

0,5646425 0.60 0.60000C8 0.0000008

0.6442177 0.70 0.7000005 0.0000005

0.7173561 0.80 0.7999995 -0.0000005

0,7833269 0.90 0.8999991 -0.0000008

0.8414710 1.00 0.9999993 -0.0000006

0.8912073 1.10 1.0999998 -O.OOOO00I
0.9320391 1.20 1.2000004 0.0000004

0.9635582 1.30 1.3000007 0.0000008

0.9854497 1.40 1.4000007 0.0000008

0.9974950 1.50 1.4999999 -0.0000000
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INTERPOLATE

Y=TERPT|X|

SIN(O.tl.S) BACKWARDS N:IOO

X BTERP(Y) ERROR

-0. -0.

0,,0998341 0.10

0.I986701 0.20

0.2955206 0.30

0.38941B2 0.40

0.47q4250 0,50

-0. -0.

O. 13QOOOO -0,0000000

0.20000C0 -0.0000000

0.3000000 -0.0000000

0.4000000 -O.O0000OO

0.5000000 -O.OO000OO

0.5646418 0.60

0.6442173 0.70

0.8000000 -0.0000000

O.?OCO000 -0.0000000

0.7173564 0.80

0.7833274 0.90

0.8000000 -0.0000000
0.8999999 -0.0000000

0.8414713 1,00

0.8912074 i.I0

0.9999999 -0.0000000

1.0999999 -0.0000000

0.9320389 1.20 1.1ggggg9 -0.0000000

0.9635579 1.30 _ 1.2999999 -0.0000000

0.9854496 1.40 1.3999999 -O.O00000I

0.9974950 1,50 1.4999999 -0.0000000

CALCULATE INTEGRAL OF SIN|X,PI/2.) N=IO0

X INTEGRAL TERPI ERROR

-0. 1.0000000 0.9999999 0.0000001

0.I0 0.9950042 0.9950040 0.0000001

0.20 0.9800666 0.9800664 0.0000001

0.30 0.9553365 0.9553364 0.000C001

0.40 0.9210610 0.9210609 0.0000001

0.50 0.8775826 0.8775825 0.0000001

0.60 0.8253356 0.8253355 0.0000001

0.70 0.7648422 0.7648421 0,0000001

0.80 0.6967067 0.6967067 0.0000001

0.90 0.6216100 0.6216100 0.0000000

1.00 0.5403023 0°5403023 0.0000000

I.I0 0.4535962 0.4535962 -0.0000000

1.20 0.3623578 0.3623578 -0.0000000

1.30 0.2674989 0.2674989 -0.0000000

1.40 0.1699672 0.1699672 -0.0000000

1.50 0.0707373 0,0707373 -0.0000000

1.60

1.70

-0.0291994 -0.0291994 -0._000000

-0.1288444 -0.1288644 -O.O00CO00
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DEMONSTRATE SPEED OF SUBROUTINE TERPT

TIME = 183230

TERPT HAS CALCULATED 100000 SINES

TIME = 183320

ENERGY RANGE

1.00 0.00345

• _0 0.00669

2.00 0.01080

2.50 0.01560
3.00 0.02100

4,00 0.03450

5.00 0.05030

6.00 0.06910

7.00 0.09000

8.00 0.11320

9.00 0.13880

I0.00 0.16670

12.00 0.22900

15.00 0.33930

21.00 0.61430

25.00 0.83690

30.00 1.15700

35.00 1.52300

40.00 1.93300

45.00 2.38500

50.00 2.87800

60.00 3.98000

70.00 5.24000

80.00 5.24000

90.00 8.18200

_00.00 9.85400

120.00 13.58000
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160o00 22.40000

200,00 32.84000

250.00 47.87000

300.00 64.84000

350.00 83.34000

400.00 103.30000

500.00 146.70000

600.00 193.80000

700.00 243.80000

800.00 296.10000

900.00 350.10000

1000°00 405.50000

BEWARE THE LURK. ZAP. ZAP°
.... X

XX ZAP

XXV XXX

XXVV XX

xxv x X
XXVV X X

XXV X X X

XXVV X X

XXV X X

X XVV X X X

O0 XXV XX X

XXXXXXVVV

XXXXXXXA A A A A A A A A

XXXXXXXAAAAAAAAAAAAAAAAAAA

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XX L U U RRRR K KK XXXXXXXXXXXXXXXXXXXXXXX

XX L U U R R KK XXXX . _
XX L U U RRRR KK XXX

XX LLLL UU R R K K XXX
XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXX XX XX XX XX

XXXXXXXXXXXX XXXX XXXX XXXX

_=_ ERROR XVALUE = 0.440E Ol WIGGLE IN TABX _=_
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BEWARE THE LURK. ZAP. ZAP.
XX

XXV

XXVV

XXV K X

XXVV X X

XXV X X X

XXVV X

XXV X X

XXVV X X X

O0 XXV XX X

XXXXXXVVV

XXXXXXXA A A A A A A A A

XXXXXXXAAAAAAAAAAAAAAAAAAA

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XX L U U RRRR K KK XXXXXXXXXXXXXXXXXXXXXXX

XX L U U R R KK XXXX

XX L U U RRRR KK XXX

XX LLLL UU R R K K XXX

XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXX XX XX XX XX

XXXXXXXXXXXX XXXX XXXX XXXX

*_*_ ERROR X = 0.691E CI .N.IN IN TERPU _**_

LOG-LOG INTERPOLATICN OF PROTON RANGES IN AL

_N_RGY RANG_ DE/DR

1.0 0.003 199.493

1.5 __0.007 135.747

2.0 0,011 111,266

2.5 0.016 97,773

3.0 0.021 86.455

4,0 0,034 67._9_

5.0 0.050 58.235

6.0 0.069 50,103

7,0 0,390 45.438

8.0 0.113 41.037

I0.0 0.167 34.440

12.C 0.229 30.005

14.0 0.300 26.411

16,0 0.380 23.866

18.0 0.468 21.801

22_.0 _ 0.667 18.615

26.0 0.897 16.317

30.0 1._57 14.573
1.446 13.171

1.764 12.070

2.480 10.399

3.300 9.217

34.0

38,0

46.0

54.0

62.0 4.220 8.246

70.0 5.160 11.551

78.0 5.471 156.158
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94.0 9.090 5.272

110,0 11.655 5.367

126.0 14.790 4.875

142.0 18.215 4.486

158.0 21o918 4.172

190.0 30.088 3.696

222.0 39.198 3.352

254.0 49.159 3.087

286.0 59.906 2.877

318.0 71.337 2.728

382.0 95.960 2.483

446._ 122.734 2.310

510.0 151.253 2.184

574.0 181.246 2.088

638.0 212.492 2.012

766.0 278.087 1.900
894.0 346.817 1.829
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CMAIN
C
C THE PURPOSE OF PART ONE OF THIS PROGRAM IS TO SHOW HOW TO USE A

C ..... MACHINE PRfiDUCED F_U_NCTION.. IF ON_ IS NOT FAMILIAR WITH THE PROCESS
C OF MAKING THE FUNCTION, REFER TO THE COMMENTS IN SYSDES Ut';DER
C .DEMONSTRAT!_QN PROGRAM..ONE MUST SUPPLY THE ROUTINE WHICH THE
C FUNCTION CALLS. THESE ARE TERPT, TERPD, BTERP OR TERP2. TO AVOID

__C ...... A_N_ERROR I.N U_SI NG__THE_FU_NCTION, ALWAY_S I_LC.LUDE TT.RACE, EqU IV ArID
C IHUNT5 WITH THE FUNCTION AND THE ROUTINE IT CALLS. IHUNT3 IS NOT
C _N_EEDED BY ,.TERPIT,_T ERPD, AtJD_TERP2 BUT BTERP _!LIST HAVE IT TO OPERATE.
C
C THE DEMONSTRATION WE ARE PRESENTItJG IN THIS PROGRA:I USES A FUNCTION

--C ...... FOR--F-O-R-WAR--D-INTERPO-LATIO-N- i-N-A RANC,E TABi_E. TI_EREFORE 'viE INCLUDED

C ........ T__E_RP_T,_TTRACEj_ ECLUIV A3_D_.IHUNTS(IT IS NOT NEEDED IN THIS CASE) ;JITH
C THE FUNCTION,
C •
C " TESTII'_G THE TIME REQUIRED FOR THE OPERATION OF OUR HAND CODED VERSIONS
C OF TERPT IS THE PURPOSE O.F THE SECOND PART OF THIS PROGRA:,I.
C

D I HENS I ON TS I N( 199 )3_T_SI NB (_103/_) ............................
NOU = 6

..... WRITE (6_917) .................
HRITE (6,918)
DO 95 I = 1,b,

-- X-- .5

xx = .2s ....
N = I-I

_ X = X*ZO.**N
XX = XX*I0.**N

• DO 95 d = 1,2
XX = 2 .*XX

.... DO 95_ K = 1,5 ......
X = X+XX
X,-' = ALOG(X)

- YZ : BRA_GE(XZ)

Y : EXP (YZ)
I F (X-IO00.)9S, 95,100

95 _./RITE (6,.q19) X,Y
" 100-CO-NT i-I_U-E.................

C
C HERE _/E ARE TESTING THE EXECUTION TI_'IE OF THE HAI_D CODED VERSIC;'.$
C OF TERPT.

CALL TABSET(0.,I.7,1OOoK, TSItJ)
..... X=0. ..................

DO 35 I=I,K
Y=SIN (X)

35 CALL TABX(X, YsI,TSIN)
.... CALL TABSET (0., 1.5, 103, K, TS I I'!B)

X=0.
........ DO _S I=i,K ...........

Y=SIN (X)
D,S CALL TABX(X,Y,I,TSI;J3)

WRITE (6,913)
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II_TE2POLATE i[]0,_]0_]SI_!ES TO DE:IOF'_ST?,ATE SPEED

CALL TYilE (9, _ZO_;)
03 70 l=Is!0C
.')O73 J=l,1000

70 Y=TE;(PT(TSI_B(1),TSI _')
:JRITE(6, _14)

CALL TYHE (1, _:OU)
STOP

913 FORi,IAT(55H2 DE_,IO,_STRATE SPEED OF SUBROUTINE TERPT

914 FOR!IAT(55H0 TERPT _IAS CALCULATED 100000 SINES
9!7 FOR!.',AT(55112 LOG-LOC_ INTERPOLATION OF PROTO,_ RANGES
918 FOR_!AT (55H EI_ERGY RANGE
319 FORt IAT(2OXb, HE = ,FG.I, SX,4HR = F7.3)

E_.D

IN AL
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ENTRY TERPT
REM

* THIS IS THE MAP VERSION OF TERPT FOR THE 7,_0 CO;-IPUTER.
REM

* THERE IS NO ERROR CHECKING OF ARGUMENTS OUTSIDE OF TIIE RAtcGE
* FRO{: (XLO-XUP).

REN

TERPT SXD TERPT-2,4
SXA X2, 2
CLA 4,,_.
PAC 0,, 2
CLA* 3,4
FSB 0,2
XCA

FMP +1, 2
STO Z
UFA =0233000000000
STA I
CHS
FAD Z "

STO Z
LDQ I - -
MPY =+3
XCA
ADD 4,4
PAC 0S 2
LDQ +8,2
FHP Z
FAF) +7,,2
XCA
FMP Z
FAD +6, 2

X2 AXT *** 2
TRA 1,,4

I
Z

END
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E;!TRY BR,'\NGE
BEGIN _U *
BRA_iGE SXA BACK,_

CLA 3tg
STA *+4
CALL TERPT

ETC (**s
ETC T1)

BACK AXT **,4
TRA lo_

T 10EC O.O000000E÷O0
T 2 DEC 4.7772393E+00
T 3 DEC 6.9077553E+00
T 4 DEC 3.3000nOOE+01
T 5 DEC 1.00000_nE+O0
T 5 DEC O.O000OOOE+O0

T 7 DEC -5.6693gOgE+00
T 8 DEC 3.3803058E-01
T 9 DEC 1.9915104E-03
T 10 DEC -5.3293588E+00
T 11 DEC 3.4201407E-01
T 12 DEC 1.9922257E-03
T 13 DEC -4.9853525E+00
T 14 DEC 3.4599799E-01
T 15 DEC 1.gg23449E-03
T 16 DEC -4.B373622E÷O0
T 17 DEC 3.5081220E-01
T 18 DEC -3.7233830E-03
T 19 DEC -4.2902734E+00
T 20 DEC 3.4471500E-01
T 21 DEC -2.131_]587E-03
T 22 DEC -3.9475903E+00
T 23 DEC 3.39Gn286E-01
T 2_ DEC 1.2216002E-02
T 25 DEC -3.5958715E+00
T 26 DEC 3.702767gE-01
T 27 DEC -6.9355369E-03
T 28 DEC -3.2325302E+00
T--29 DEC- 3,5092625E-01

_ T 30 DEC ...4,3804049E-03
T 31 DEC -2,8772236E+00
T 32 DEC 3,68_95_4E-01
T 33 DEC -&,9955382E-03

T 3& DEC -2,51372_5E+00
T 35 DEC 3.5723355E-01
T 36 DEC 1.7330051E-03
T 37 DEc -2.15_7579E+00

T 38 DEC 3.6i78935E-01
T 39 DEC 1.4091134E-03
T 40 DEC -1.7915595E÷00
T _1 DEC 3.6391717E-01
T _2 DEC g.2285872E-04
T 43 DEC -1,4267194E+00
T 44 DEC 3,6718374E-01
T 45 DEC 1,911759&E-03
T 46 DEC -1,0576239E+00
T 47 DEC- 3,6902764E-01
T 48 DEC 1.7657876E-04
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T 49
T 5O
T 51
T 52
T 53
T 54
T 55
T 5_
T 57
T 58
T 59
T GO
T _1
T _2
T G3
T 64
T _5
T G_
T $7
T _
T G9
T 7O
T 71
T 72
T 73
T 74
T 75
T 7C
T 77

T 78
T 7g
T 8O
T _1
T _2
T _3
T 84
T 85
T 86
T 87
T _8
T 89
T 9O
T91
T D2
T 93
T 94
T 9_
T 9G
T 97
T98
T 99
TIO0
T101
T102
T103
T104
T105
T106

DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC

DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC

DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
END

-_,_841D70E-01
3.$879335E-01
1,3518035E-03

-3,1_27454E-01
3,7150381E-01
2,02G7_42E-04
5,34_1941_.-0___
3,719466_E-01
9.9975_9E-04
4,2&3783SE-01
3,7371295E-01

-8,9034h3_E-05
8,0000228E-01
3.7356_31E-01

-4,55379_9E-04
1,1731132E+00
3,7147Z21E-01
i,Oh53165E-03
1,5456367E+00
3,97S0578E-01

-2 5_27029E-01
I _0_9722E+00
I D_5!82E+C0

-4 _5_i301E-01
2 2S7_774E+00
3 G91C;349E-01

-1 li3F;532E-D3
2,_55S672E+0_
3,6_17322E-01

-1,_13D290E-03
3,02C229CE+00
3 B253_83E-01

-2,3_2Z_}49E-03
3,3_041C4E+00
3,5_03&34E-01

-2,7031302E-03
3,735753BE+00
3.527764_E-01

-2,711_749E-03
4,0858185E+00
3.4754866E-01

-5,275&455E-03
4,_280913E+00

3,38D7477E-01
-4,120_691E-03
4,7629_57E+00
3,305_363E-01

-4,7730207E-03
5,08875_3E+00
3,2096273E-01

-5.

5,
3,

0019026E-O3 ........................

_047171E+00
1101805E-01 ..........

1957369E-03
5.7105394E+00
3.000628_E-01

-5._813623E-03 ...............................................
_.O0512DgE+O0
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LOG-LOG KNTERPOLATION OF PROTON RANGES IN A_
ENERGY RANGE

E # 1.1_ R _ 0o003
E J 1.5 R # 0.007
E # 2.0 _P,_I _ O .D_[.J
E # 2.5 R # 0.016
E # 3.C R # 0_,021
E # _..£ R # O.03q
E_._( 5_C_ R # _0_] 50
E # 6.C R # 0.069

E # 8.C R # O. II3
E # I0,(_ , R # 0.167
E # 15.C R # 0.339
E #. 20.[ _ R # 0.56u, ......
E # 25.£ R # 0.837

__E ___OtE R # 1,157 _
E # kO.C R # 1.933
E # 5Q._ R # 2,_78
E # 60.C

E # 80. C
E_,_._ __
E # 150.£
E # 200.0
E # 250._
E__.__ R # 64,8_2
E # _00.£ R # IC3.292
E # 500.0 R# lq6,b93
E # 600.0 R # 193.799
E # 7o_.E R # 2_3.800
E # 800°£ R # 296.093

__._F_._LSCDJ_£___ R # _05.500

R # 5.980
R ......................................
R # 5.k38

R # _9.85_ . _
R # 20.033
R # 32,8_9
R # _7.870

__LI_ II_IL4_I__N__ AND__#E,_......
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DEMONSTRATE SPEED OF SUBROUTINE TERPT

TIME # L81C20

UNI_RFLOW AT 0_kW{] IN M0

UN(_RFLOW AT 041141 IN PQ

UNDRFLOW AT 0Wkk3 IN MQ

UNDRFLOW A_ Q____b,__LN I_Q

TERPT HAS CALCULATED I COO0O SINES

TIME # t8tCSQ .....
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SUBROUTINE TYHE(I,NT)

THIS IS TkE FORTRAN 63 VERS|ON !

THIS ROUTINE MUST BE ACCOMPANIED BY TNE FUNCTION KLOCK,

IF I=0_ RESET THE CLOCK AND PRINT TIMEs0° SECo

ZF I,!G, 0J READ THE CLOCK AkD PRINT TTHE =XX,XX SEC,

IF(I)lolm2

I TZME=0

|K=KLOCK(O)

WRITE(NT*I_8) TIME
RETURN

2 A = KLOCK(O)-IK

TIHE = A/60.

WRITE(NT_Ig8) TIME

198 FflRMAT(IWO,tlH***TIME IS FS,3°SH SECI)

RETURN
END
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*GODAP2eLmPeE,
IDENT
REM
REM
REH
REM
REM
REM
REM
REM
ENTRY

KLOCK SL_
stb
LIU
IN|
SIU

FETCH LDA
LTU
SLJ

KLOCK
1604-A CLOCK RflUT|NE

CALL|NG SEQUENGE,,t! • KLOCK(A)
A |S A DUHMY ARGUHENTt
KLOCK RETURNS _E CONTENTS OF
MEMORY _OCAT|ON 0000_ THIS
LOCATION IS AU?EMATICALLY
ZNCREMENTED EVERY 1/60 TH OF
A SECONDt
KLOCK

6 KLOCK
0 c(o0ooo) To A

6 TENP
KLOCK GO BACK

TEHP BSS
END
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BEWARE THE LURK, ZAP, ZAP, X ,

xx -ZA
....... XXV ........... X_X .....

XXVV XX
_ _ XXV X X

XXVV X X
...... XXV X XX

XXVV X X
................................................................................. XX_ .... X- . X ..................

XXVV X X X
- O0 XXV XX . .X
xXXXXXVVV

..... XXXXXXXA__A_ __A A A A A A
XXXXXXXAAAAAAAAAAAAAAAAAAA

.......xX_XX3,_X_X X X_XX_.XX.XXXXX X XX XX X_.XX.X.XX.!._X.X_X.X)(.X.I.X.X_XxX.EXX_._.X_XX.Xx.xX xxxx X.XX......
XX L U U RRRR K KK XXXXXXXXXXXXXXXXXXXXXXX

..... _.v.j( _..L U. U .R R KK __ XXXX ..........
xx L U U RRR_ KK XXX

_ XX .... LILt. UU R R K K ..... XXX .........
xx XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

......_.x.x.x.x.x._xxxxx.xx.___x.x__._.._x..............._xx_.__x.x
xxxxxxxxxxxx xxxx xxxx xxxx

• .**. _R_e-_ x_,,i,-L_UE_ Z,_aZE.O_ wIGGLE ZN 'rABx '_'-_'_'_-..................
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CALCULATE L_GlO(,O1alO,l NNIO0

---X---.... LGGCXt ........_E'RP_ ...... E'_ ......................................

,01 *2.0000000 °2,0006000 0
.02 g|.6989700 ol,B_948 _ - -_1t)69780 ...............
,04 -I.3979400 -I,69876SS °3008255
*-08 -[;0969100 -l-,3_8886R-- " ;-2511768 ...........
,10 "I.0000000 -I,194S906 .1945906

--, _u ' _eO-ScTTO-O---'-'__ "*_e ............................................

,40 -.3979400 -,40036S8 .0024258
,80 _-_096gI-00 -_004702F6 ..... ._00|I15 ..................

1,00 °0000000 -,onoT049 .0001049
--2;00 .......3010300-- _30-_0_4_ --_000025¢ ........

4,00 .6020600 ,6020579 .0000021
BeOO .9050_0 ,9030Y0_ -.OOOO005

I0,00 I.O00000O I,O00OO00 °0000000

CALCULkTE LOGIO F'ROH E_PONENTTkL NmlO0

Y LOG(Y) BTERP(Y) ERROR

,02 ol.6989700 -I.608933_ -.0000367

,08 ot.0969100 =1,0969320 .0000220
,IO =l°OOOO000 =llO_OO_b_ ,U000262
=20 -.6989700 o,6989978 .0000278

...... ,1_ _9400 - -=3979141 -°uou02_
,80 -.0969100 -.0968784 -.0000316

---It_O-- .-00-000_0 ,0000277 _O00_J7
2,00 .3010300 .3010221 .0000079
4._u .Ou2oaoo .oo2OZTo ._0_o_3_
8.00 .9030900 ,9030797 .0000103

_O,_O- -T_O_--_,OdOgOdo -.0000000
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LOG|O(,OIelO,] USING U.NEQUAL $PAC|NG h=lO0

..... X ........ L_LX_ . _ER.ET_X) + _ ERROR .....

,01 "2,0000000 "2,0000000 ",0000000
,02 "|,6989700 "1o6989700 ,0000000
,04 "I,3979400 "to3979400 ",0000000
,08 =1,0969100 ,It0969100 tO000000
,10 "l,OnO0000 "1,0000000 ",0000000

...... +2-0 ...... _.-o-69_9.2-0.0_. ._.=_89290 ..... ,0000000 •
,40 -.3979400 "t3979400 "0
,80 +,0969_00 -,0969100 ",0000000

1,00 ,0_00000 0 ,0000000
2,00 ,3_-I0_00+ ,3010300 ,0000000
4,00 ,6020600 ,b020600 ,0000000

r-8+O0 ...... 9_ZLO99-O ...... J.9_30._0..0 .......... G ................
I0,00 1,0000000 1,0000000 ,0000000

X SIN(X) TERPT(X) ERROR

.... • . O --0-.................... _ .................................
,10 ,0998334 o0998321 ,0000013

....+20. _19B66.93 e L9866_ 4 _0000009_

.30 o29552_2 o29552Q 4 :,0000002• _0 .... ,_894| 3 o389-4194--- ,0000011
,_0 ,4794255 o4794265 e,O000009

--*--60 ,5646495 ._.jL_6_,4J.._9..9______..eg..O..O,O0.,($.+6........................................
,70 ,6442177 ob442167 ,0000010

_.,8_+ ,7+7356J .... o7173p_7 + tO000_04. _ _
• 90 ,7833269 "7833273 ",O0000n4

..+ I,0_- -,8-41.47J0 j84t.4LT_L7 ".0000007
1,10 ,8912074 o8912077 ",0000003
!._n .932n39! t9320387___.LOJl.0jIEB._
It30 ,96_5582 t96355 t9 ,0000003

.-l+,LO-- +98._,L_7 + _,985+4_9Z ........ _000o000 ....
1,50 ,9974950 ,99749_0 e,O00000t

1.70 ,9916648 o9916648
,O00000i ..........

0
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.40 ,3894183
..... --5.0 ....,__L_..42.5.5.....

.6 0 ,5646425
--.70-- -+6_42L77

,80 ,7173561
,90 _,7E33269

1.00 .8414710
...... T.LO .... _9120-7_ ........

1.20 ,9320391

CAL_JLATE-S_H_O+_ I o 7) ..-_=4_.0 ..........................

........X..... 5 t.K_(XI........_E.R_P.2_(___)__.____.F.BRRE. _ ,

0 0 0 0
,10 ,0998334 o09983_ - .00000_ L ........
.20 ,1986693 ol986695 "oO000001
.30 ,295_202 o295520L_ o O000_ .....

03894183 .0000001
,47047_7__Y_O_O_O0!
15646424 .0000001

_6_2J.37 .... _O04_O0_H) ............
17173562 ",0000001

_ZB_32fLS_ _O_OOr ..................................
o8414710 -,0000000

._4.-_---t'_0_
t9320390 .0000001

1.30 _L_L35582 _._.?_35§B2- _,O000OO0 ..................
1.40 ,9854497 =98544;7 ".0000000
t,50 ,gg74950 _99349_0 ,OOOOgOO ...............................................................

1,60 ,9995736 ,9995736 ,0000000

tNTERPOLATE SIN(O,,I,5) BACKkARDS N_IO0

Y=SXN(X) " X BTERP{Y) ERROR

...........J.L.........._ ..............._.-....................0.............
.0998334 .10 ,0999993 ",0000007
,L9.B6693 .20 ,1999992 =,0000008 ..........
,2955202 ,30 ,2999996 ".0000004

_,3894183 ,40 _4000001 *O0000_l ................
.479425P .50 ,5000006 ,0000006

...._4-(L4_2_ .... ,-6-0....._.60-EO-O-O.E.....=_LO.ORE-----
,6442177 .70 ,7000005 ,0000005
,717_56d _8-0 .7999995 "_00000_ ...................................
,7833269 .90 ,8999992 -.000000 B
.84L4710 -1.00 ,9999994 ",0000006 ...............................................

,8912074 1.10 1,0999999 ".0000001
- :°_?039_ .... _2-0----1-_200-0-00_ ...... -,,-0..0-0-0.-0-0_

,9635582 1.30 1.3000008 .0000008
. ,9854=L97 -_40- _L._4_-OOOOB _ -_}_00_08 ............

.9974950 i.50 1.5000000 =.0000000
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-I NTERPOt.,ATE_-|N40- # [_-51 _CKWARDS ....... N=_O0- - - •

. _=Y.__,..ERE_T_.LX)______.__X_.... B]'.EEP_LY_.]....... _E.RR02 .............................................

0 0 0 0
,0998_34 L - .!0 . 1000000 =0 - -
,1986701 ,20 .2000000 "0

+2955206 .... ,-30 - ,300-0000 - =0 - -
,3894182 .40 .4000000 "0

__ ;4704_..__I_-.--_5-00-0-0-0-0--- ":On__n_nO00 ....................................
,5646410 ,60 ,6000000 ",0000000

-- --o-64 _?,J-7_ -- ---.- 70 j 000000 .... 0 ....
,7173564 ,80 ,8000000 0

....._4 ___.90 ....t90-00000- =,0000000
.8414713 1,00 I,O000000 ",0000000

_ ,el912074 I. LO__._.L,J.9_iLO.O.O.O.....-.,.QO.R.O])OL .................................

.9320389 I .20 I .2000000 "tO000000
__ _6_5580 r.3[_- 143000000 ".0000000

.9854496 I .40 I ,4000000 ,0000000
_ .99_7_95.0 __ 1-,5_0 - J__,_O00OO0 .. ",0000000

CALCULATE INTEGRAL OF SIN(X.PIt2,) N=IO0

X _kTEGRAL TERP[ ERROR

0 ",I..=.-.--"nnnnnn_-+-.0-0-0-0-00-0-......=*0--0000-0-0...................
.I0 .9950042 ,9950042 ",0000000

- .20 _9_0066_6 ......_9800_666_ ._0000-000
.30 .9553365 .9553365 ",0000000

___ _4 L ..... j92J.O6LO __,92|0610 ",0000000
,50 .8775826 ,8775826 ".0000000

__ L..._e.P..P.___6....eL_-2.5__--6----.",-oo_oo ....
.70 ,7648422 m7648422 ".0000000
,_8O ,6967067 j6967Q67 ",0000000
.90 .-6216/00 - ,6216T00 _.0o0o0oo

1,00 ._403_23 ,5403_3 ",0000000
I.I0 .4535961 .4535-61 *,0000000

......L__zL__ 5.78....... t _62_5 ?_......, ooooo_¢ ......
1.30 .2674988 .2674988 _,0000000
1,40 .1699671 ,1699672 _.0000000
1.50 .0707372 ,0707372 e. O000OO0
1,60 =.0291995 -.0291995 ",0000000

1,70 -.1288445 -.1288445 _.0000000
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....... -DE-NB.NS_TE_SPE_ Br £URE_UT_E TEMPT

wtJTIME I_ 0 SEC.

..... _=RP___AS_C_._CULATED ! OO000_,SJ_[_

PP__zI_E__Is _ _7_..._ SEc_,

ENEEGV
1,00

............... 7._,_
2,50

5,00
4,00
b,O0
6,00

.............. 2,_0
B,O0

-- 9,C0
IO,O0

-12o00
I_,00

RANGE
,00345 ......

,00669
....................LO.I_0_E..

,01560
,02100 ..........
,03450

...... 1.0_030 ....................................
,06910

............................._90.00 .........

,11320
. ,.I_B80 .......
,16670
=22_00 ...............................................

,33930
...............--2J.O.n...............................Lg_J4_ ....

25,00 ,83690

35,00 1,52300
40,00_ . I L93300 _
4_,00 2,38500

6U,CO 3,9B300
7.O_00.... 5,24000
BU,00

.......9U,00 .
I00,00

, . .... [2U,OD ....

5,34000
8,18200 ....................................................................
9,85400
La.,_0O00 ......................................................
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...... L60.,_O0 2_t, 40_I0.0
200, OO 32z 84000
__n;o0 t-7-_-a..7-O.gO.
;30UIO0 64t84000

......... 35rJtO0 ............... _3 _P-3-4000 .......................
400tO0 103t30000

...... loll .0.0- .............. 14L_. 70RO_O_ ............................
600,00 193t80000
-7-.0.0-,00 P,=x .-a O_n00._._
80OoO0 296B10000

.......... 9-00 .-0 O ............... 35_.100013- .....................................
IO00tO0 40_150000

BEWARE THE LURK, ZAP, ZAP, X
............................... xx .....ZA

XXV XXX
X X_Y3t _X____

XXV X X

XXI/_/........X_ _X......
XXV X X X

................... XXVV _ X X .....

XXV X X
___ XXVV X X_.._X__

O0 XXV XX X
........ xxxxxxvvv

XXXXXXXA k k A A A k A A
XXXXXXXAAAAAAAAAAAAAAAAAAA

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxkkxxxxxxxxxxxxxx_xxxxxkxxxxxxx
................. _X.X.....__k____.U__o__RR_3__KKIr,_._ XXXXXXXXXXXXXXXXXXXXXXX ..............

XX L U U R R K_ xxxx

_ _ xx _ __ L u U RR_R KK . _ XXX ........
XX LLLL UU R R K K XXX

xx xxxxxxxxxxxxxxxxxxxxxxxxxxxxx.xxxxxxxxxxx ......
xxxxxxxxxxx_xx xx xx xx xx

......x.x.x__ ......_x__x_ _XX_ ......

!?** ERROR XVI_UE z 4j396E*O0 WIGGLE IN _TABX ***** .............
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ENERGY

1,0

2,0

300
4:fl
_tO

7.0
8:0

IQ.C
!2:n
14,e

I0.0

26,0

34.0

RANQE _E/DR

.003 1791494

.011 lit,g66
_0!6 e_77X
tOgl 86.455
=0_4 67,191
,050 58.33S

_ _069 _.5_O__JJ3_
.090 4S,436

.167 34.440

,300 26.411

,468 21,801

,897 16.317
!.157 IA:q??
1.446 13,171

46,0 2,480 I0,399

62.0 4.222 8,248

7B._ 5,471 1.50,49*
............._0 -9_0_0 .........S+272 .....................

IIO.O 11,6_ _,367

14_,_ 18,21_ 4¢4+6

190.0 30.088 3,696
.......... _.0 ..... _9+198 .... 3,3_2

254.0 49.!_9 a,007
........ _6_0 .... _6 ....... 2.877 ........................................................

318.C 71.337 2,728

446._ 122,734 2,310

_74.0 181.246 2,088
.........63I+X___ __2L2_9__ 2,012 ...........................

766,0 278,087 1,900

........................................ - ..................... •............. -r-
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__ID_
REM
REM
REM
REM
REM
ENTRY

TERPT SLJ
_!L

TERPT (X_T) _
THIS IS THE CODJP2 VERSION OF

TERPT (FORWAR_ INTERPOLATION),
THERE IS NO ERReR CHECKING DONE
FBR ARGUMENTS OU1 OF THE RANGE
FROM (XLO_XUP),
TERPT

SAVE6 7,2
LIU E TERPT 7,2
LDA _ 0 7t2
SAL T 7,2
ARS 24 12,8
SAU XADD 7,2
INI _ I 3wO
SIU e SAVE7 7,2
ENI E "" T 3,0

XADD LDA "" X 7,2
FSB e 0 18,8
FMU

5TA
FAD

$ OJP
INA
SAL
SCL

FAD
RSB

I _CM
INI
INI
STA

FMU

FMU
SAVE6 FAD

I 36,0
Z 712
=02044400000000000 18t8

F "*1 7t2
"1 3,0
I 7t2
=00000400000000000 ?t2

=O II,_
Z 18,8

=07777777777777777 7_2
** 3tO

7 I 712
Z 7,2

7 I 7t2
8 36,
7 18t8
Z 36t

6 6 18,8
ENI

SAVE7 SLJ
Z OCT

...... END

e ". 3,0
"" 7t2
0
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LOGeLOG INTERPOLATION 5F PROTON RANGES IN AL
ENERGY RANGE

= 1,0 R = ,003
F = 1,5 R • tO07
E = 2,0 R = ,011
E = ?=_5 R • ,016
E = 3,0 R • ,021
E • 4,0 R • ,034
E = 5,0 R • ,050
E = 6,n R = ,069
E = 7,0 R • ,090
E __ 8tO R • ,113
E • !0,0 R = ,167

E = 20,0 R = ,584
E • 25,fl R • 18_7
E = 30,0 R = I,,157
E = 40_0 R = l_933
E • 50,0 R • 2,878
E = 60_0 R = 3,983
E • 70,0 R ; 5,160
E • 80,0 R • 5=438
E • I00=0 R • 9t854

........... E =_!_5_,0 _ R • 20,033
E = 200,0 R • 32,839
E = 25_ R • 47,870

R • 64,832
R • 103=292

= 300,0
E = 490_0
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_ E = .5_0_0 R = 146L693

E = 600,0 R = 193,709

= 700*0 R = Z43+80Q

= 800°0 R = 206,093

DEMONSTRAfE SPEED_-_SJ_R_UTi_e T_RPT

• " *T I HE- I_ 0 SEC,

TERPI HAS CALCULATED IO00_O SDNES
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DEMQNSTRAT|QN OF THE USE Or |NTERPOLATIVE RQUTINES

TH|S IS ThE FORTRAN-2 VERSION OF MAIN_

DIMENSION TLMGI(IO3),T_OO),TSIN(IOO),TSINB(I03}

nIMENSION _ANGE(iOO}sE(40)jR(40)

C

C THESE TAPE ktJMBERS HtJST BI_ CHANGED

NIN=IO

NQU=9

FOR YOUR OWN USES,

NPP = II

C SET UP TABLE TLOGI OF LOGIO(X) _]TH DIMENSION (100),

¢ LETTTNG X _LUES RANGE FROM _01 TO IO_

C

CALL TABSET( OI,IO,__O_O,K,TL_GI|

X=,OI
DO 5 I=I,K
Y=LOGF(X)/_,302585093

5 CALL TABX(_V,],TLOGi)
C

C TABLE IS NC_ C_MPLE_ED

...........X! =._Q_ 05
WRITE OUTPLT TAPE NOU.900

WRITE MUTPLT TAPE NOUp901
DO tO l=lm3

XI=IO,'Xl
XX=XI

DO I0 _=1,4

XX=2,'XX

C INTERPOLATE IN TABLE FOR LOGIO(XX)

YY=TERPT(XX,TLOGI)

Y=LOGF(XX)/2.302585093

Oy=y-yY
I0 WRTTE 8UTPLT TAPE NOU_902,XX,Y,YY,DY

XX=IO,
YY=TERPT(XX_TLOGi)

Y_O_F(XX)I2,302585093

DY=Y-YY

WRITE OUTPLT TAPE NOU,902,XX,Y,YY,DY
C

C SET UP TABLE OF EXPtQ(X)

12

CALL TABSET(-2.,i,_IO3,K,TLOGI}

X:w2,

DO 12 I=ll_
YzlO,**X

CALL TABX(X_YaI_TLOGI)

Xl=.O005

WRITE OUTPLT
WRITE eUTPCT

DO 15 I=1,_
XlzlO.*Xl

XX=Xl

TAPE NOUn922

TAPE NOUe923
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Da 15 dmlo4
XX=2,*XX

C
¢

15

¢

¢

2O

C
C
C

INTERPOLATE BACKWARDS IN TABLE

YY=BTERP(XXeTLOGI)

FOR LOGIO(XX)

YzLOGF(XX)'/2,302585093
DY=Y'YY
WRITE OUTPLT TAPE NOU_902,XX_YwYY,DY
XXmlO_
YY=BTERP(XXJTLOGj)

_ Y=LOGF(XX)/2,3_85093 ....
DY=y-YY
WRfTE OUTP[T TAPE NOU,gn2,XX,YtYYmDY

SET UP TABLE OF LOGIO(X] US|kG hOG SPAC|NG FOR ABSCISSA

__ CALL TABSET(LOGF(.OI),LOGF(IO,)elOO,KtT._OCt,__
X=LOGF(.OI)
DO 20 I=Im_
X=EXPF(X)

__ Y=IMGF(X)/2,30_585093
CALL TABX(W,Y,I,TLOG?)

Xl=.O005
WRITE OUTPLT
WRITE OUTPLT
DO 30 Imle3
XImlO,*Xl
XX=Xl

TAPE NOU,9_3
TAPE NOU,901

DO 30 J=la4
XX=2.=XX

F_ITER TABLE wITH LOG(XX), INTERPOLATE FOR L_IO(XX)

X_=LOGF(XX)
YY=TERPT(X2J?LOG2)

C
C

3O

Y=LOGF(XX)/2.302585093
DY=Y-J_L_ __
WRITE OUTPLT TAPE NOIJ_gO2,XX,Y,YY,DY
XX=l_
X2=LOGF(IO.)
YY=TERPT(X_,TLOG_)
Y=LO_F(XX)/E.302585003
Dy=y_yY
WRITE OUTPLT TAPE NOU,902,XXfYoYY,DY

SET tiP TABLE OF SIN(X) -- --

CALL TABSET (0., I,7, IO0,K,TS Ik)

. ,_X=J)......
DO 35 I=I,K
Y =S_LNF (_

35 CALL TABX(X,Y,I,TSIN)
C

xx=-.I
WRITE OUTPLT TAPE NOU#904
WRITE OUTPLT TAPE NOU,905
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00 40 I=I_18

XX=XX*, I

C INTERPOLATE F_R S!N(XX)
¢

YY=TERPT(XX_TSIN)

YiSINF(XX)
oy=y-yY

40 WRITE OUTPLT TAPE NOUmPO2mXX,Y*YY,DY
XX=-,I
WRITE OUTPLT TAPE NOU,904
WRITE OUTPLT TAPE NOU,911
DO 45 I=lsI8
XX=XX*.I

C
C INTERPOLATE FOR SIN(IX) USING AVERAGE OF TWO PARABOLAS
C

YY=TERP2(XXmTSIN)
C

yaSINF(XX)
DY=Y'YY

45 WRITE OUTPLT TAPE NOU_902,XXeY_YY*DY
C

. SET UP MONOTONIC INCREASING TABLE OF S|N(X)
C

CALL TABSET(O.,I.5,103,K_TSIkB)
X=O,
DO 48 l:ll_

48

C

Y=SINF(X)
CALL TABX(X,Y_,TSIhB)
WRITE OUTPLT TAPE NOU,906
WRITE OUTPVT TAPE NOU,907
XX=_,l
DO 50 I=_16 ....
XX=XX*,I

C INTERPOLATE BACKWARDS FOR X FROM SIN(X)
C

Y=SINF(XX)
..... XmBTERP(Y_T_

C
_XX

50 WRITE OUTPLT TAPE
WRITE _UTPLT TAPE
XX=-,I

...... W_OUTPLT TAPE
DO 55 I=!_i6

_ __ XX=XX*,l

NOU_908,YaXXeX,DX
NOUV906

C
C INTERPOLATE BACKWARDS FOR
C

___ Y=TERPT(XXJTSINB)
X=BTERP(YITSINB)

X FROM INTERPOLATE,D SIN(X)

55
DX=X-XX

WRITE OUTPUT TAPE NOU,908tY,XXeXeDX
WRITE @UTPLT TAPE NOt.J,q09

WRITE OUTPLT TAPE NOUn910
x=_.l
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De 60 l!lml#
XlXi, I

__ Vw_MI!IXl
0

_a
¢

CAL.CULATE _N_EGRAL OF S!NIW) FROM X TO PII;L

¥YmTERPI(X,I_57O/963SwISIN)

DVxY_YY
60 WRITE OUTPUT TAPE NOU.902.XRY,YY,DY

DO 6_ lllllO0
65 ?liNllliIl*eOl6

WRITE eUTPUT TAPE NOUn913

¢ INTERPOLATE fO0,O00 SINES TO DEMONSTRATE SPEED

¢

¢

CALL TYME(O,NOU)
DO 70 IIImlO0
O0 70 JilelO00

70 VoTFRPT(TSIND(I).TSIN)
WRITE _UTPUT TAPE NOU#914
CALl TYNE(I,NOU)

READ IN ENERGY-RANGE TABLE kkD CONVERT T_ LOG

READ INPUT TAPE NIN,915_(E(I).R(I),I=Ie_9)
WRITE OUTPLT TAPE NOUn921
De 80 Ix!_]9
WRITE OUTP{T TAPE NOU,915,EIIIeR(I)
E(IimL'OGF(E(I))

80 R(IixL_GF(R(I))

SET UP LOG-LOG ENErGY-RANGE TABLE USING TERPU INTERPOLATION
TO FIND THE _RDINATES FOR E_ SPACED ABSCISSA VALUES

CALL TABSET(LOGF(I_LOGF(IOOO,),IO6_K,RANGE)
X=LOGF(I,)
De 05 I=1._
Y=TERPU(XIEpR,39}

85 CALL TABX(XpY, I._RANGE)

___WRITE OUTPLT TAPE NOU,916
WRITE OUTPLT TAPE NOU,917
X=,5
XX=,25

__DO 95 I=l,lO
XX=2,'XX

X=WsXX
IF(IDOO.-X)InO,BO,?O

C

_£_ E_LTER_ABLE WITH LO_NER_POLAT_R_.=OG_RA_GE)p
C AND TAKE AhTI-LOG TO GET RANGE

90 XZ=L_GF(X)
Y=FYPF(TERFT(XZJRANGF))

CALCULATE CL_G(R)/DLOG(E) FROM TABLE AND C_NVERT TO CE/DR
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95

I00

DEDRtX/(Ye_ERPD(_ZeRANGE))

_RtTE OUTPLT TAPE NOUe918,XeyeDEDR

WRITE OUTPLT TAPE NOUo920

PUNCH OUT LOG-LOG ENERGY=RANGE TABLE COEFFICIENTS

INCORPORATION INTO AFAP gUBROUT|NE

O0 I10 1I=1,106

ARRAYS RUN BACKNARDS IN FORTRAN=2

l=lOe-X[*l

FOR

IiO CALL
CALL

CALL

CALL

FAPP(RANGE(I),|jNPP)

ODECK(6_BRANGEeSHTERPTjRANGEoNPP)
MDECK(6NBRANGEmSHTERPT#RANGEmNPP)
FDECK(6HBRANGEt_HTERPTmRANGEeNPP)

TABLE COEFF|CIENTS FOR XNCORPORATION INTO k CODAP SUBROUTINE
PUNCH OUT LOG=LOG ENERGY=RANGE

DO 130 %=1m106
130 CALL GODAP(RANGE(I)e|eNPP)

CALL EXIT

900 FaRHAT(55HI CALCULATE LOGIO(,OI_IG,) N=IO0
901FORHAT(55HO X LOG(X) TERPT(X) ERROR

902 FORMAT(FI2.2=3FI_.7)

903 FORHAT(PSH_ LOGIO(.OI,IO,) US]NG UNEOUAL SPAC[NG N=IO0

904 FORHAT(55H_ CALCULATE S|N(O.pl.7) N=IOQ

905 FORHAT(55HO X SIN(X) TERPT(X) ERROR

906 FORHAT(55H_ _NTERPOLATE SIN(O_,I_5) BACKWARDS _=lO0

907 FORMAT(55HO Y=SIN(X) X BTERP(Y) ERROR
908 F8RMAT(FIS.7.FTo2m2FI2.7)

909 FORMAT(55H_ CALCULATE IkTEGRAL OF SIN(X,PI/2,) N=IO0

910 F_RMAT(55H_ X _R_ TERP| ERROR

911FORHAT(55HO X SIN(X) TERP2(X) ERROR

912 FORHAT(55HC Y=TERRT(X) X BTERP(Y) ERROR

913 FORMAT(55H_ DEMONSTRATE SPEED OF SUBROUTINE TERPT
914 FORMAT(PSHO TERPT HAS CALCULATED IOOOO0 SINES

915 FORHAT(FI8.2=F23.5)
916 RORHAT(55H_ LOG_LOG |NTERPOLATION OF PROTON RANGES IN AL

9t7 FORMAT(55HO ENERGY RANGE DE/DR

918 FORMAT(IIXF6,1_2(4XFTt3))

919 FORHAT(BOXmE20_BI

920 FORHAT(IHO)

921 FORMAT(IH2.12X6HENERGY_ISXSHRANGE)

922 FORMAT(55HE CALCULATE _OGlO
923 FORHAT(SPHO Y LOG(Y)

END

FROH EXPONENTIAL N=IO0
BTERPtY) ERROR
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FUNCTiON_B) ERP ( Y, T) __

C

C THE FUNCTION BTERP IS USE_ FOR BACKWARD INTERPOLATION, THE
C SUBReJUTINE IS ENTERED WITH A Y VALUE AND AN ARRAY, T. IHUNT3

I$ (:A_C_TL_ FIND THE PARABOLA_WHICH CORRESPONDS TO THE

O EXPLICIT VALHE OF Y_ THE VALUATION OF X IS PERFORMED BY f}NE OF

TW_ FORMULAS. I,E. IF_°A'C'/B''2 ,LT.. _05 THEN THE SERIFS

O EXPANSION CF X = "(A/B)°(2,/Z)'_(I,-SQRT(I.-Z)) |S USED , WHERE

C Z EQUALS 4.'A'C/B*'2.

C IF' 4,"A'CtB"_2 ,GT, 0,05 THEN THE RATIONALIZED FORM OF THE

_RATIC EQUATION IS USED, I_Ej X = ,,_,*A/(B÷/-.SQRT(B**2,.4,*A*C))_

0 THE _IGN OF THE TERM(SQRT(BW_2"4,*A°C))IS DETERMINED BY THE SIGN

C _F IWUJ._OF_H CICH JS G_IVEk BY THE M O_L_I"tBNI_USNESS OF THE DATA POINTS.

C THEREFORE TO OBTAIN THE CORRECT VALUE OF X (THERE ARE TWO ROOTS)

W_ II_E THI£ M(_nIFIFD FORM {_F TWE EQUATION.

C I,E, X • -2.'AI(B+TONIC°SQRT(B*°2-4,*A°C))

C THF SERIE___SE_WHERE IT CONVERGES (,,.t_5 ,ST. Y .LT. ,05)m

O BECAUSE IT IS FASTER.

C

IF THE DATA POINTS ARE NOT MONOTONIC THEN BTERP WILL NOT WORK,

C IST ENTRY T(I,I) = XLO

C _NU ENTRY T(2,1) = I,/XDEL XDEL IS THE SPACING BETWEEN PARABOLAS

C XDEL/2, IS THE SPACING BETWEEN POINTS

_RD ENTRY T(3*I) = XUP

4TH ENTRY T(I,2) = NUMBER OF PARABOLAS OR (NUMBER OF PANELS)

O 5TN ENTRY T(2=2} = TONIC I.E_ "l= IF DECREASING# ÷I. IF INCREASING,

C 0 IF NOT MONOTONIC; TONIC IS SET IN TABX,

6TH ENTRY T(3,2) • EXTR_ SPACE AVAILABLE TO _NE WHO WISHES TO USE IT.

O

DIMENSION T(3a777)

TONIC = T(2mR)

IF (TONIC)20.9Oa20

20 NN • T(I,2)

I = IHUNT3(T(I,3),NN÷I_y)

IF(I)60,11C_23

I = NN÷I ONLY IF Y = YLAST

23 IF(I-(NN*I))40,241110
24 IF(T_NIC)25,tln,2b

25 BTER_ = T(I_I)

GO TO 88

26 BTERP = T(3_l)
GO T_ 88

EVERYTHING BK HERE, OBTAIN A. B, AND C COEFFICIENTS, AND BACKWARD

INTFRPOLATE.

40 A = T(III*2)-Y

B : ?(2,1*_)

C = ?(3mI*_)

_45_55_45

45 Z = 4,°A'C/B**2
IF(7°'2_.0025)50,50#55

50 FRAC = -(A/B)*(I,÷Z'(,25÷Z=(,I_5*Z*(tO7BI25÷Z=(,0546875)))))

CtO_ 56

O

O

THIS IS A FORTRAN TWO FUNCfION_

55 FRAC • -2.=A/(B÷TONIC*SORTF(B**2,4.°A*C})

56 FIMI • I-I

BTERP = T(I_I)*(FIMI÷FRAC)/T(2#I)



-72-

8B RETURN
THIS SECTION ENTERED FOR FIXING OF ERRORS,

60 YFIRST = T(I,_)

YLAST = T(leNN*3)

IF(T_N|C)61_IIO,62

61 YL_ = YLAST

YUP = YFIR_T

GO Te 63

6_ YLO = YFIB_T

YUP = YLAST

63 IF(y-YUP)94ttlO, IO0
IF TONIC = O, ISSUE MESSAGE AND SET BTERP = XLO,

90 CALL TTRACE(6H rONIC,TONIC,bN,N,MON,6HBTERP )

BTERP = T(l_l)

GO Tn 88

IF Y LESS THAN YLO, CHECK T8 dEE HOW BADLY_ IF BAD ISSUE MESSAGE,
SET BTERP = XLO(IF TONIC = *i,)

BTERP = XUP(IF TONIC • =it)

94 IF(Y.(.9999999*YLO))95,96,96

95 CALL TTRACE(6H Y_Y_6H ,YS! *6HBTERP )

96 IFtT_NIC}97,110m98
97 BTERP = T(3,1)

GO T_ 88
98 BTERP = T(I,I)

_0 Tn 8_

IF V GREA?ER THAN YUP CHECK TO SEE IF Y IS CLOSE TO YUP, IF NOT ISSUE

MESSAGE. SET BTERP : XLO(IP TONIC • -I.)

BTERP = XUP(IF TONIC • *It)

I00 IF(y-(I.OOOOOOI*YUP))IOI,IOt,I02
t02 CALL TTRACE(6H Y,Y,6H .TB, ,6HBTERP )

I01 IF(TONIC)I03,110,104

103 BTERP = T(Itl)

GO T_ 88

104 BTERP = T(3ml)

GO T8 88

ONE CANNOT GET HEREt_tWE HOPer
I10 CALL TTRAOE(6H Y,Ym6HLURW #SHRTERP)

GO Yn 88

END
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SUBRQUTINE_RACE(VAR_L_mTyP,suB) ....

C

THI_ IS THE FORTRAN TWO VERSION OF TERP SYSTEM,

_TB. MEAkS TO0____

C ,TS. MEA_S T_O SMALL,

C ,N_M N(_N MEANS N_T M_N_TONIC,

C LURK MEAN_ THE IMPOSSIBLE OCCURED IN A RoIJTINE, ( WE HOPE YOU NEVER

C _EF THIS MESSAGE ,)

0 ELO = X,XXXXE-XX = EUP MEAkS THAT THE TABLE OF DATA POINTS USED

e BY IHUNT AhC TERPU__N_T M_LOT_NIC_AND CEN_T BLUSFD BY TERP SYSTEM,

,N.IN, MEANS THIS VALUE IS NOT IN THE SPECIFIED ARRAY,

C WIGGLE MEAN_ THAT THE SLOPE HAS CHANGED wITHIN A PARABMLA.

C

IF(KKK,151TB)IO,2QplO

IO KKK=I517B

C THIS TAPE hUMBER MUST BE CHAkGED IN DiFFERFNT FORTRA_S,

NT_U=9

KOIJNTI=O

KOUNT2=O
KO|JNT3=O

KOUNT4=O

KOUNTS=O

C

C THIS IS TFE ERROR MESSAGE.

¢
900 FORMAT(15HO***** ERROR A613H = EIO.3.2XA6,4H IN AO.7H *'***)

C

THIS IS TWAT MONSTER LURK.

40 tF(SUB-SUBI)50,/0,50

50 IF(SUB_SUB_)_O,80_60

bO IF(SUB-SUB3)IO0,90,100
70 KOUNTI=KOU_TI+I

IF(K_UNTI-IO}IIO. IIO_I20
80 K_UNT2=KOU_T2÷I

IF(K_UNT2-tO)IIO_IIO,120
90 KOUNT3=K_UkT3÷I

IF(KMUNT3-10)IIO_IIO, 120

IgO KOtINT4=_OU_T4÷I

IF(KRUNT4_0tlIO, IIO_I20

_ !!0 WRITE OUTPL'T TAPE NT_OO,V_R_V_L_TYPeSUB

120 RETURN

CALL EOUIV(SU_I,_HTERPT )
CAll EQUIV(51JBP,OHBTERP )

CALL EOUIV(SUB3,OHTERPI )

_O KOtJNTS=KO____

O

THIS SECTION CONTROl S NUMBER OF LURKS PR_NTEDLMAXIMUM OF FIVE..,

C

IF(K_UNTS-9)30,30,4O

30 WRITE OUTPLT TAPE NTOU,901
WRITE OUTPLT TAPE NTOU,902

WRITE BUTPLT TAPE NTOU,903

¢
C THI_ SECTION CONTROLS NUMBER oF ERRORMESSAGES GIvE_, MAX]MLTM OR

TEN r_B TERPT_ BTERP# AND TERPI_ MAXIMUM _F TWENTY FeB A_ OTHER

C SUBROUTINES,,,
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90l FORMAT(IH25X26HBEWAHE THE LURK9 ZAP. ZAP.42XlHX/

-72X2wXXIIX_HZAP/
.71X3HXXV8X_HXXX/

_70X4HXXVV9X2HXX/
_69X3wXXVIO_tWXlXIHX/

_68X4WXXVVS_IHX3XIHX/

_67X3HXXV6XIHXIXIHXlXIHX}

902 FORMAT(66X4HXXVVSXtHX3XtHX/
*65X3WXXV2XIHX3XIHX/

-64X4WXXVVIXlWXIXiHXIXIHX/

_60X2wOOiX3_XXVIX2HXX3XlHX/

_58x9wXXXXXXVVV/_ .......

.57XBWXXXXXXXAIXIHAIXlHAIXIHAIXIHAIXIHAIX

_5_x_6HX_X_XXXAAAAAAAAAAAAAAAAAAA)

903 FORMAT(19X_4tlHX)/

*IBX2HXXSXIWL4XIHU2XIHUIX4HRRRRIXIHKIX2HKKIIX23(IHX)/

-17X2HXX6XIkL4XlHU2XgHU R R KKI2X4HXXXX/

-16X2HXX7XIkE4XlHU2X9HU RRRR KKIIX3HXXX/

wlSX2HXXSX4kLLLL2XI3HUU R R K K8X3HXXX/

_I4X2HXX3X4C(IHX)/
_SXI4HXXXXXXXXXXXXXX4X2HXX3X2HXXItX2HXX3X2HXX/

_6XI_HXXXXXXXXXXXXSXgHXXXX Xxxxgx4HXXXX)

END

OI

02
03

O4

05

O6

09

tO

II

m2

HAIXIHAtXIHA/ 13

16

17
18

19

20
21
22
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C

C

C

C

C

RtJBR_UTINE MDECK(hJ_LMEI,NAME_T#NT)

YNIR SUBRCUTINE WAS WRITTEN IN FORTRAN TWO,

T_ARRAY NAME(THE ONE TO BE P_NCHED BY TH_ SUBROUTINE,)

NAMEI,-IS TkE DESIRED NAME ONE WISHES TO CALL HIS NEW SUBROUTINE,

NAME2-SUBR_UTINE CALLED(T_ET_) ..........

NT-TAPE NUMBER

C THI_ SUBROUTINE MAY BE USED WHEN IT IS DESIRED TO OBTAIN

_¢ A BINARY DECK OF SOME FUNCTION WHICH HAS BEEN GENERATED BY THE TERP

C SYSTEM, IN ORDER TO DO THIS_ ONE MUST FIRST GET AN ASSEMBLY LANGUAGE

_.,___ DECK AND TEEN ASSEMBL_T, ?k_5 SUBROUTINE MAKES THE ASSEMBJ, LY_.......

C LANGUAGE DECK,

C
C AFTER ASSEMBLY, IN ORDER 10 EXECUTE, ONE MUST L_AD THE BINARY DECK

_J_,_____tR THE TA_LF, AND THE SPEc!__/T_tNELTERpT__R_SK),

C AND THE SUER_UTINES WHICH IT CAELS(TTRACE, JOEJOE, OR KDISK).

C =
FAPP AND CODAP PUNCH THE ARRAYS IN 7090 OR 1604 COMPUTER FORMATS

RESPECTIVELY.

MDECK PROEUCES A DECK OF_ARDS ACCEPTABLE TO THE FORTRAN FOUR

ASSEMBLER C_ THE 7090,

DIMENSION T(777)

WRITE OUTPLT TAPE NT,90,NAMEI_NAMEleNAMEI

WRITE OUTPLT TAPE.NT,91,NAME2

90 FOR A(HA/T( 7HSjBMAP IA6 _67X/

I ISH ENTRY IA6 ,59X/
2 16HEEGIN EOU * ,64X/

3 A6,15H SXA BACK,4

4 18N CLA _,4

91 FORMAT(18H STA *_4

I ISH CALt IA6

2 19H ETC ('',

____ IBH ETC TI)

4 19HEACK AXT ii#4

5 1OH TRA Im4

N=3.*T(4)÷7.
DO I10 I=I,N

I10 CALL FAPP(T(I),I,NT)

_WRJTE_OU_LT TAPE NT_92

92 FORMAT(ION END,78X)

RETURN

,59XI

_62X}

,62XI

,6OX/ ....

,61Xl

t62Xl

,61Xl

e62X)

END
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C
C
C

_¢
C
C
C

C

SUBROUTINE FDECK(NAMEI,NAHE2,ToNT)

THIS SUBROUTINE WAS WRITTEN IN FORTRAN TWO,

T-ARRAY NA_EfTHE ONE TO BE PUNCHED BY THIS SUBROUTINEs)
NAMEI_IS TkE DESIRED NAME ONE WISHES TO CALL HIS NEW SUBROUTINE,
NAME2_SUBRCUTINE CALLED(TERPTt,,J ETC,|
NT-TAPE NUMBER

THIS SUBREUTINE MAY BE USED WHEN IT IS DESIRED TO OBTAIN
A BINARy DE_K OF SOME FUNCTION WHICH HaS BEEN GENERATED BY THE TERP
SYSTEM, IN ORDER TO DO THIS, ONE MUST FIRST GET AN ASSEMBLY LANGUAGE
DECK AND TkEN ASSEMBLE IT, T_IS SUBROUTINE HAKES THE ASSEMBLY
LANGUAGE DECK,

AFTER ASSEVBLY, IN ORDER TO EXECUTE, ONE MUST LOAD THE BINARY DECK
FOR THE TAELEm AND THE SPECIFIED SUBROUTINE(TERPT_JOE_ OR ODISK),
AND THE SUER_UTINES WHICH IT GALLS(TTRACEo JOEJOE, OR KDISK),

C
¢
C
C

FDECK PROEbCES A DECK OF CARDS ACCEPTABLE TO THE FORTRAN TWO
ASSEMBLER {k THE 7090,

DIMENSION T(777)
WRITE OUTPLT TAPE NT,90,NAMEt_NAMEI
WRITE OUTPLT TAPE NTe91,NAME2

9n FnRMAT(24H' FAP m_EX/
I 15H ENTRY tA6 ,59X/

...... 2 tEHEEGTN EOU " t64X/
3 A6,18H SXD BEGIN_2=4_56X/
4 24H CL A 1,4 q56X/
5 24H STA "'2 ,56X)

91 FORMAT(24H TSX BEGIN-3,4j56X/
I 24H TSX e*_ _56X/

2 _ TSX TI_O ,56X/
3 24H LXD BEGIN-2,4,56X/
4 24H TRA 2,4 _56X/
5 16H NOP $1A6 ,58X)

N=_,*T(4)*),
c ARRAYS RUN BACKWARDS IN FORTRAN_2

_ DO IIO II=.tmN
I=N-II*I

WRITE OUTPLT TAPENT,92
92 FORMAT(IOH END,7OX)

RETURN
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C

C

C
C

C
C

_uBROUTINE CDECKtNAMEI,NAME2,T,NT)

THI_ SUBReUTINE WAS WRITTEN IN FORTRAN TWO.

T-ARRA_C NAEE(IHE ONE T_ BE PUNCHED BY THI_ SUBRflUTINE.)
NAMEI-IS TkE DESIRED NAME ONE WISHES TO CALL HIS NEW SUBROUTINE,
NAMF_,SUBReUTINE CALLED(_RPT..., ETC.)
NT-TAPE NUMBER

C

C

C

THIS SUBRCUTINE MAY BE USED WHEN IT IS DESIRED TO OBTAIN
A BINARY DECK OF SOME FUNCTION WHICH HAS RFEN GENERATED BY THE TERP
SYSTEM. IN CRDER TO DO THIS_ ONE MUST FIRST GET AN ASSEMBLY LANGUAGE
DECK AND TkEN_.ASSEMB_LTHIS SUBROUTN_INF_MAKES THE ASSEMBLY
LANGUAGE DECK.

C
c
C

AFTER ASSEMBLY, IN ORDER TO EXECUTE, ONE MUST LOAD THE BINARY DECK

FOR THE T_LE, AND THE SPECIFIED SUBROUTINE_ERPT_JOE, OR QDISK),
AND THE SUBReUTINES WHICH IT CA_LS(TTRACE, JOEJOE, OR KDISK}.

FAPP AND CODAP PUNCH THE ARRAYS IN 7090 OR 1604 COMPUTER FORMATS
RESPECTIVELY,

C

C

C
C

THIS CAPAEILITY IS NOT LIMITED TO THE TERP SYSTEM,

CDECK PROEUCES ADECK _F CARDS ACCEPTABLE TO THE FORTRAN 63
ASSEMBLER E_ THE 1604

DIMENSION T(777)
WBI_TPLT TAPE NT,90,_I,NAMEI,NAMEI.NAMEI
WRITE OUTPLT TAPE NT_91,NAME2wNAME2

90 FORMAT(19H IDENT IA6 _55X/
I 19H ENTRY IA6 _55X/
2 AA,3X,12H 0 ** _59X/
3 24H 5IU 6 SAVE6 J56X/
4 191 LIU 6 lAG ___55X/
5 20H LDA 6 0 _60X/
6 20H INI 6 I ,6]IX/
7 25H SIU 6 RETURN _55X/
B 25H ARS 24 ,55X)

91FOPMAT(25H SAU XADD ,55X/
* 191 EXT lab .55X/
I 19H RTJ IA6 ,55X/
2 25HXADD 0 ** ,55X/
3 25W O
4 25H_AVEO ENI
5 25HI:IETURN SLJ

N=3.*T(4}w. 7.
DO 50 I=1,1_

5_ALL CODAP(T{ I), I,NT)

WRITE OUTPLT TAPE NT,9_
92 FORMAT(12H END

RETURN
END

TOOt _55X/

6 ** p55X/
"" ,55X)

,_8X)
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C
g

C
¢

SUBRHUTINE CHDAP(A_NmNT)

THIS SUBReUT|NE WAS WRITTEN |N FORTRAN TWa,

A IS THE kUMBER ONE WANTS G_NVERTED Te MACHINE LANGUAGE,
N IS THE _ALUE OF THE DO LeeP USEn TO GENERATE THE pUNCHED CARDS.
NT IS THE TAPE NUMBER

CHDAP PUNCHES THE SPEC]FIE_ ARRAYt Tr IN A FORMAT ACCEPTABLE TO THE 1604t

NIOO=N/IOO

I0

NIOz(N-IOO*NIO0)tlC
NI=N=IOO*NIOO-IO*NIO
IF(A)IOeeO,IP
ABRAmwA
GO TO 16

15 ABSA=A
16 EE=O,434294481*LOGF(ABSA)

[E=EE*40.

20

IE=tE.40
FRAC=ABSAI(IO.**tE)
IF(FRAC.9.9999995)25,25,20
FRAC=I,
IE=IE*I

25 IIEuIE
IF(IE)21=30,30

21 IEz-IE
30 IIO=IE/IO

II=ZE-IO*IIO
IF(lIE )40,50,50

40 IF(A)41,60,42
41 WRITE OUTPLT TAPE

GM T_ 70
NT,9OO,NIOO,NIO,NI,FRAC, IIO,II

42 WRITE _UTPLT TAPE NT,9OI,NIOO,NIOpNI,FRAC, IlO,II
gn TO 7D

50 IF(A)51m60_52
5t WRITE OUTPLT TAPE NT,902,NIOOeNIO,Nt,FRACm|IO_II

GO TO 70
52 WRITE OUTPLT TAPE NT,903_NIOO,NIO,NI,FRACoIIOJII

GO T_ 70
60 WRITE OUTPLT TAPE NT_904,NIOOeNIO,NI
70 RETURN

900 FORMAT(IHT,3II,4X,12H DEC -F 9_7_2HD_211,47X)
901 FORHAT(IWT_3tl,4X_I2H _EC *F 9,7m2HD_2tl,47X)
902 FORMAT(IHT,3It,4X,12H DEC -F 9,7,2HD*211,47X)
903 FOPMAT(IHT,311,4X,12H DEC *F 9,7J2HD+211,47X)
904 FORMAT(IHT,311e4X_25H DEC *O_O000000D+OO,47X}

END



SUBR_UTj. NE FApP(AJ|_NT)

C

C THIS SUBRtUTINE WAS WRITTEN IN FORTRAN TWO_

C

A _THE _MBER ONE WANTS CCNVERTED TO MACHINE _ ANGUAGE,

C I I_ THE _ALUE OF THE DO LOCP USED TO GENERATF THE PUNCHED CARDS,

C NT IS THE TAPE NUMBER

C

FAPP PUNCHES THE SPECIFIED ARRAYt T, IN A FORMAT ACCEPTABLE TO THE ?090t

C

0 EXAMBLE

C ..T..I.....DEC...-I.1234587E+04

IF(A)IO,60,15

IO ABRAs-A

GO TO 16

__ !5 ABRA=A

16 EEzO.434294481*LOGF(ABSA)

IE=EEe40_

IE=IE-40

FRA_=AI(IO.a*IF)

IF(FRAC'*2.g.9999995"*2)25,25m20

20 FRAC=I_

IE=IE*I

_ 25 IIF=IE

IF(IE)21_3C,30

21 IEm. IE

9J]J_FOPMAT(2XIHTI3jOH DEC

901FORMAT(2XIkTI3,8H DEC
902 FORMAT(2XIFTI3,22H DEC

END

30 IIO=IE/IO

II=IE-±O*IIO
IF(IIE)40_50sSO

40 WRITE O_JPLT TAPE NT,9OO,I,FRAC,JLD,_

GO TO 70

50 WRITE OUTPLT TAPE Nr,9OI,I,FRACeIIOmII

GO TM 70

60 WRITE 9UTPLT TAPE NT,902,_._

70 RETURN

FIO,7,2HE-2II_52X)
FIO.7,2HE*211a52X)

O,OOOOOnOE*OO,52X)
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SUBROUTINE TYME(I,NT}

THIS IS THE F_RTRAN TWO VERSION OF TERP SYSTEM,

THIS SUBR{UTINE MUST BE ACCOMPANIED WITH THE PROPER SOFT-WARE_

WHICH I$ WI_D AND ST_P,

IF I, • Oa RESET THE CLOCK AkD PRINT TIME m O, SEC,
IF I,GT, _, STOP TME CLQCK AND PRINT TIME z XX.XX SEC.

IF (I}l,l,_

t TIME=O

REWIND 12

CALL WIND(12)

WRITE OUTPCT TAPE NT, Ig8mTIME

RETURN

2 CALL STaP(T)

TIMEITIME*T

REWIND 12

WRITE CUTPLT TAPE NT,19B,TIME

RETURN
198 F_RMATtlHO, IIHe'tTIME IS FB,_SH SECt)

END
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_ _ COLL_ 6_

• S U B R O U T I N E T I M E R B Y W R i T I N G - T A P-E

TTI F C R T R A N I I V E R S I O N T w 0

LBL TI_E,X

__ W_D ..........

ENTRY ST_P
lomlo,,,lewtgl,ole_oowoml_o_o_tllw_

• CALL WIkO(ITIME) TO WIND AND START THE CLOCK,

• CALL STOP(TIME) TO READ AND STOP THE CL_CK.

• ITIME IS THE LOCATIQN OF A FORTRAN IT FIXED POINT NUMBER

__ __ _.CALE B)7) INDICAT_ING THE L_GICAL TAPE TO BEUSED

• F_R THE TIMER TAPE,

TIME IS SET TO FLOATING P_IkT SECONDS, 729 Vl AT 8nO BITS PER

|_W_SASSUM__. STORA_LESTAKEN BY THE TAPE

MAy INCREASE THE TI_E BY AS MUCH AS 3.3 PERCENT,

IF THE CLOCK RUNS D_WN (TAPE STOPS) BEFORE CALLING STOP, A

NEGATIVE NUMBER IS REPORTED AS THE TIME. TNE MAXIMUM

TI_E IS ABOUT 2!0 SECONDS, BUT THIS MAY BE CHANGED BELOW

WITH THE MAXIMUM TIME BEING THE TIME TO WRITE A _EEL _=

o

MAX ECrU 2_0 SET T_I MAXIMUM TIME, SECONDS.

RPT I_Olj M,aX° I flO/2 IB

• OF TO COMMANDS. ASSUMES EACH IO COMMAND USES ABOUT

• 2,1B SECONDS, ADJUST VARIABLE FIELD FOR OTPER DRIVES.

• (_R DENSITIES}

Q

WIND SXD *-2m4

GLA • _ 4

TSX $(I_S),4

XEC* $(WRS}

AXG l_m4

XEC* $(RCM)

LDJ:_* $($TC)

SLO STC

• LDQ* $_CN}

CLA* $(TCO)

STD STOP

SET UP TO WRITE THE TIME TAPE.

PICK UP AND MOVE TAPE I_ST.

(TO ALLOW USE OF OTHER CHANNELS WHILE

TIMING OPERATIffN GOES ON,)

FORM A TON INSTRUCTION.

CAL* I(ETT}

ORA =_3_2

FORM BLAST DATA CHANNEL,

STA BCC

LDQ • $(REH)

STO REW

LXD WIkD-2_4

CL_ ICP

XEC SIC

CAS SCH
TRA *'_

NOW, LET US WAIT WHILE WE SPACE

OVER THE BEG3NNING-OF-TAPE GAP

TRA 2_4

TRA _'4
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t NtW, CHECK TO SEE WI_AT THE TIME INTERVAI_ IS

• • , • • Q t • _ • e • • • • • • • • • • • • • • • • • t I Q • Q • • •

STMP TCNA ER_ IS CHANNEL STILL IN OPERATION..,...

STC SCHA set, YES

BDC RDCA

_EW REWA 5

BLAST THE DATA CHANNEL

CLS ItP2

ADM $C_ SEE HOW MUCH WAS WRITTEN

STA TEMP

3E*18
VLM IC2,,18

ADD TEMP

SUB =_

ORA =155B8

NUMBER OF WORDS WRITEN IN LAST BLOCK,

NUMBER OF BLOCKS

TIMES THE BLOCK LENGTH

TOTA_ NUMBER OF WORDS
ADJUST FOR STARTING BIAS,

SUPPLY BUOYANCY

FAD =I55BB

XCA

FMP C_T

ERR2 STO" 1,4

TRA 2,4

ERR CLS CST RETURN NEGATIVE NUMBER IF THE CLOCK'S NOT WOUND,

/

O_T

_.wO

TEMP

_w

PEG ,666666667E-4 SECONDS pER WORD (800BPIr 729-VI)
CHANGE CST TO SUIT YOUR OPERATING STANDARDS, NOTE THAT THE

_LCWER TAPE DRIVES TAKE A SMALLER PERCENTAGE OF B CYCLES.

TITLE

OlJP

TO lOCP

I02 _CD

lOP leCP
___ IOCD

DETAIL

END

I IRPT
0,,-I PREFIX IS MZE

O_J._ PREFIX I$ PZE,

2.,I0+1
O,*IO+l ___

• DATA
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BEWARE THE LURK. ZAP. ZAP. X

XXV XXX

XXVV XX

XXV X X

_ XXVY__ .X X

XXV X X X

XXV X X

............... XXVV X X X

00 XXV XX X

..... XXXXXXVVV

XXXXXXXA A A A A A A A A

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

____ XX __L ..... ___U. RRRR K KK _ XXXXXXXXXXXXXXXXXXXXXXX
XX L U U R R KK XXXX

.......... XX ..... L .... U._ U_RRRR KK XXX

XX LLLL UU R R K K XXX

x_____._....__.__x_y__x_.._xx___xx.x_xxxx_x_xxxx.xxxxxxxxx_xxxxxxx .......................................

xxxxxxxxxxxxxx xx xx xx xx

xxxxxxxxxxxx ...... xxxx_xxxx _ xxxx

_*4,*_'_*___E__RR_GR _XyAJ..UE = _0._32E,00= WIGGLE IN TABX ,w,=:,_,
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_____J._C,_U_LAI_LO_GIO±,.DJ. • 10. ) N=IO0

..__.-YL__ L£G[X] .... _|X) ERROR..

0.01 --2.0000000 -2.0000000 -0,

___O___ __-.1__6_98970_0_ _ =_L._ 8-9_5948_0 0 ,_L969"(_8-0
0.04 -1.3979400 -1.6987655 0.3008255

._O_,_OB__-_.].,_o9_gIOQ _-I.,3__8_0B_8_ _I1,2511-16_L_
0.I0 -1.0000000 -I.1945906 O. 1965906

__9._,_2.Q___-_0.,_(L9_89_700 -0.6_:_...5. 404 .-0.0534296
0,40 -0,39"/9400 -0.40036.58 0.0024258

0__.8_0.._"Oj 09J;_91QO____-O_-__97021_6. _OJ 000_1_L15 .....
1.00 -0.0000000 -0.0001049 0.0001049

_Z, 00_ _J_,_3_oJ.r_oQ _ 0_0100_6__ 0_000025_ ........
4.00 0.6020600 0.6020579 0.0000021

__B._O_Q___O.._9.9.1Q3_Q_Q_ _.. Q.,_9_ - _ ..

10.00 1.0000000 I.C000000 0.0000000

................................

" CALCULATE LOGIO FRoM EXPONENTIAL N=IO0

Y LOG(Y) BTERPIYI ERROR

C.O!_ =?,O00QO00 _2,CO000QC -0,

0.02 --1.6989T00 -I.6989333 -0.0000367

0_09 _3979_00 ,I_3979260 --0o0000140

0.08 -I.0969100 -I.0969320 0.0000220

¢_IOrI.OOQ_QO_O___TI, COO_2._ .... O_O_O_O_6_

0.20 -0.6989700 -0.6989979 0°0000278

0,40 -0.3979900 -0.3979141 ,0°0000259

0,80 -0.0969100 --0.0968784 --0.0000316

1-00 -0.0000000 0.0000277 --0.0000277

2.00 0.3010300 0.3010221 0.0000079

._4._Q0_.____0_,6020___6.09.....0,602__0270 .0.0000330
8.00 0.9030900 0°9030797 0.0000103

I0.00 !,O000000 !.O00000O O.
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-0G10(.01t10.) USING UNEQUAL SPACING N=IO0

X

0.01

0.02

__0.04

0,,08

0.I0

0.20

0.40

0.80

__h-O0

2.00

4.00

8.00

LOG(X} TERPT(X) ERROR

-2_O_QO_Q_QO__Z,_(LOQQ_OD_ __Q ................................
-1,6989700 -1,6989700 -0.0000000

-1.3979400 -/_3919__Q(___-O_OO_(lO_OD_

-1.0969100 -1.0969100 -0.0000000

-t. O000000 -l.O000D_O_O___zO.=

-0.6989700 -0.6989700 -0.

-0.3979400 -0.3979491__ 0.0000000

-0.0969100 -0.0969100 0.0000000

-O,OQO0000rQ_OQQO0_I 0__0000001 .......

0.3010300 0.3010300 0.0000000

060,___0___0._0__0_9_.9___Q_000000_I

0.9030900 0.9030899 0.0000001

IO.OQ__I_O90000O _ l. O00OO00 _ 0.0000000 .......................

X SIN(X) TERPT(XI ERROR

__0_ ____-0 ......... -0 ....... -0. _.............
0.I0 0.0998334 0.0998321 0.0000013

0.20 0.1986693 0o1986684l_ 0.0000009 .......................
0.30 0.2955202 0.2955204 -0.0000002

0.40 0.3894183 ....0,39_gj39_-#_O_OOOptt
0.50 0.4794255 0.4794265 -0.0000009

0.60 0.5646425 . 0,5646419 O.OOQOO06 __
0.70 0.6442177 0.6442166 0.0000010

__80_____0_7_73561 _0.7173556 0.0000004 .....

0.90 0.7833269 0.7833272 -0.0000004

--I,9___--Q_,_8_14]99,___0,_8919716__0.,D0_0907 ............

i. I0 0.8912073 0.8912076 -0.0000003

1.20 ......0.9320391 0.9320386 0.0000004

1.30 0.9635582 0.9635578 0.0000003

_]..40 __0.9854497 0._854497 0.0000000

1.50 0.9974950 0._g74950 -0.0000001

_J__6._O0....0.9995736 .... Q_,9.995735 .......0,99QQQq_ ...................

1.70 0.9916648 0.9916648 O.
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CALCULATE SIN(O.,1._) N=IO0

X SINIX) TERP2IX) ERROR
-0. -0. -0_,____ -0.

0.10 0.0998336 0.0998333 0.0000001
0,2o o__l_z____,_l__95___-O_LOO_ZO_l
0.30 0.2955202 0.2955201 0.0000001
0.60 0.3896183 0.3896183 0.0000001
0.50 0.6796255 0.6796257 --0o0000001

0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
1.50
1.b0
1.70

0,6662177 0.6462176 0.0000000
0.7173561 _O__717.%_Z_-(ILOQ(IO_OOJ._ ....................................
0.7833269 0.7833268 0.0000001
0.8614709 0.8614709 O.
0.8912073 0.8912074 -0.0000001

0.9635582 0.9635582 O.
0.98.5___97____9___9_65_4_? __O,_ ......................................
0.9976950 0.9974949 0.0000000
0.9995736 0.9995736 0.0000000
0.9916668 0.9916668 0.0000000

INTERPOLATE $|N(O.'I-'-5|--BACKWARDS N=IO0

q=SIN(X) X
)--L_ -0.
3.0998334 0.10
1._.19_(z_93__ Q,2Q_
).2955202 0.30
).3894183 0o60
).6794255 C.50
).5666425 0.60
3.6442177 0.70

BTERP(Y) ERROR
0.. ...... 0 ................
0.0999993 -0.0000007
Qo19999_2 _O._O09QOB ........
0.2999996 -0.0000004
o.40oo00_I__._0_._0_0_0_0.00_I.........
0.5000006 0.0000006
o.6o0ooo8 o.o0o0oo8 _
o.7oooo06 0.0000005

).7173561 .....0_89__9,7999995 -O.O00QO05
).7833269 0°90 0.8999991 -0.0000008
8@_09 _.__.OQ_Q___..O__.9__9_9999_-O0.LQ_Q_Q_Q__Q_.___.
).8912o73 1.10 z.0999998 -0.0000001
).9320391 1.20
).9635582 1.30
).9854697 _ 1.40
).9974950 1.50

1--2000004.. 0.0000004 ........................................
1.3000007 0.0000008
I._OQQO0__ ...._.0000007 ..............................................................................
1.4999999 -0.0000000
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INTERPOLATE SIN(O.,I.SI BACKWARDS N=IOO

Y=TERPI(X) X BTERP(Y} ERROR

rO_ ......... r_o ..... _0 .... 0 ..............

0.0998341 0.I0 0.1000000 -0.0000000

__Q._g_(_7_OJ.__Z_O __.0.20_0000._._0.00000_0 ................
0.2955206 0.30 0.3000000 -0.0000000

___0,_894182 0.40 ___(b__9_O__O.Q_O__.-.O_.&QOQO_Q_

0.4794250 0.50 0.5000000 -0.0000000

_.5646418 _0.60 0.6000000 -0.0000090

0.6442173 0.70 0.7000000 -0.0000000

. 0.7_735__ 0.80 0.8000000 -0.0000000

0.7833274 0.90 0.8999999 -0.0000000

0.8912074 1.10 1.0999999 -0.0000000

_ Q-932Q38_ ....1,2Q _!.!999999 -0.0000000

0.9635580 1.50 1.2999999 -0.0000000

0.%_449__ 1.40 1,399_9999 -0.0000000

0.9974950 1.50 1.4999999 -0.0000000

C ALCUL ATEI NT EGRA_L OF- -S iN( X-,-PZ 12. } N=ZO0

X INTEGRAL TERPI ERROR

-0 .... 1.0000000 0.g999999 O.O0000O! ......

0.I0 0.9950042 0.9950040 0.0000002

____0_20_0,98QQ666 0. g800664 0.0000002 .........

0.30 0.9553365 0.9553369 0.0000002

Q.,_9_Q____Q_,9__I.96[Q__.D_,gz!_b_9___Q..gQQg9_I .............

0.50 0.8775826 0.8775825 0.0000001

Q.___0.82_5356_ 0.8253355 0.000000! ..........
0.70 0.7648422 0.7648421 0.0000001

.... 0_80 0.6967067 0.6967067 _ O.O000OOl .........................

0.90 0.6216100 0.6216099 0.0000000

____L_.LO_O__92Lo_,_I_O_Q3/!__O,_Qo_oo_9__O ......
1.10 0._535962 0.4535962 -0.0000000

......1,29___0_362357_8 ....0.3623578_ 0 .................

I,30 0.2674989 0.2674989 -0.0000000

1.50 0.0707373 0.0707373 -0.0000000

1.60 --0.0291994 --0.0291994 0.0000000

1.70 -0.1288444 -0.1288444 0.0000000

.......................................
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DEMONSTRATE SPEED OF SUBROUTINE TERPT

4uI,*TIME IS O. SEC.

.....................................

TERPT HAS CALCULATED 100000 SINES

• _TINE IS 46.674 SEC.

ENERGY
1.00
1.50
2.00
2.50
3.00
4.00
5.00
6.00
7.00
8.00
9.00

10.00
12.00
15.00
21.00
25.00
30,00
35.00
40.00
45.00
50.00
60.00
70.00
80.00
90.00

100.00
120.00

......... RANGE ................
0.00345_
0,,00669
0.0_1_080 .....
0.01560

_ 0.0__2].00 ............
0.03450

0, O_P_03_
0.06910
0.09000 ................
0.11320
0.13880 .......................
O. 16670
0.22900
0.33930
0.61430
0.83690
b_15__0. ..................................
1.52300
1.93300
2., 38500
Z_-87800
3.98300

__ _,__OD_O .......................
5.24000
8.1820Q
9.85400

13.58000



__ __ 1_60.O0 ..... 22.40000

200.00 32,84000

............ Z___O...__O-L......................_Z, BZO00 ......................................

300,00 64°84000

_OJL__O ...... 83.34000

400.00 103.30000

......... 5COLO_.._ ..... 146,7COQ0

600,00 193.80000

7o0.oo ............. Z_..2_LB_QJJO_O...........................................................
800,00 296.10000

........ 900_O_Q_ .... 350,10000
I000.00 405.50000

BEWARE THE LURK, ZAP. ZAP. X

.......................... XX ..... ZA_P
XXV XXX

XXVV XX

XXV X X

XXVV X X

XXV X X X

............................. XXVV _ X ...... X ....
XXV X X

XXVV X X X

................................. OO xxv xx x

XXXXXXVVV

XXXXXXXA A A A A A A A A

................ X XX X X X _AAAA_AAA_AA _AA AA_A A......

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

................ XX ...... L U U RRRR K KK XXXXXXXXXXXXXXXXXXXXXXX
XX L U U R R KK XXXX

............... XX L U. U RRRR KK XXX
XX LLLL UU R R K K XXX

XX XX XXXX X_X_XXXX_XX X X_XX_ XX X X xX X XX XXXXXX_X .......................

XXXXXXXXXXXXXX XX XX XX XX

.... XXXXX _XXXXXXX .... XXXX XX_X .... XXXX

_w_,w_, ERRCR _Xy_A_,UE_-- ._0_,_44_0E_ 01 __WIGGLE .IN TABX **,w_, ,
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BEWARE THE LURK. ZAP. ZAP° X
XX ZAP

XXV XXX

XXV X X

...... X.JCV_¥___X__X_ .....
XXV X X X

XXVV X x
XXV X X

........... _X.¥_. ___X__ ....

O0 XXV XX X

............ XXXXKXVVV
XXXXXXXA A A A A A A A A

...................... ......................................................... XXXXXXXAAAAAAAAAAAAAAAAAAA

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

_ XX .... L U U RRRR K KK ........ X._XX_Jf_X___ __ _

XX L U U R R KK XXXX

_ XX L U U RRRR KK _ _ XXX ........
XX LLLL UU R R K K XXX

.................. _,_X___X__ZZ_x,__X._K_LX_x_XYJET¢_XXZuYuT_L_ .....
XXXXXXXXXXXXXX xx XX XX XX

xxxxxxxxxxxx xxxx xxxx xxxx ..........................

X = 0.691E O1 .N.IN IN TERPU __**_ __.

LOG-LOG INTERPOLATICN oF PROTON RANGES TN AL

ENERGY RANGE DE/DR

........ J,O . _ 0.003 _ _ 179,493 ....................
1.5 0.007 135.747

................ 2.0 0,011 111.266 .....................
2.5 0.016 97.773

.............. _,_,_Q_______O._ZZ ...... ___L45_ ............
4.0 0.034

......... 5.0 _ 0.050 ....
6.0 0.069

...... 7 • 0 _ __0. 090
8.0 0.113

10.0 0 ,_]_67

12.0 0.229

...... L__.Q.... p.3_OO
16.0 0.380

.... 1B._Q ..... 0._._68
22.0 0.667

26.0 __ _O__t._@_9...7_.._I
30.0 1.157

67.191

58.235
50.103

41.037

34.4__Q
30.005

2_.4! I ._
23.866

218_E01 .....
18.615

16.317

14.573

__ 34.0 .... 1_446 ..... 13.1]l
38.0 1.764 12.070

54.0 3.301 9.175

02_ .... _.22.._Z........ 8.248

70.0 5.160 11.594

............ 78.0 . 5.471 _58.496
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_ 9_,_0 .___

II0.0

126.0

142.0

158.0____
190.0

. .__ 222__0_____
254.0

286.0

318.0

382 .__
446.0

.5],_O.,____ LSJ.. 253 . _2,184 ....

574..0 181.2_6 2.088

0_,0 212. _ 9_?..____ ____2,.._O_L_ ...........
766.0 278.087 1.900

.89_4.0__ 346.8J.7 _ 1.829 .............

_:_(190__ __

11.655 5.367

14.790 4o 875 _

18.215 4.486

30.088 3.696

39 .lcZ6 ..... 3. 352 .......
49o159 3.087

59.9Qb_ .... Z._B2_7_
71.337 2.728

5_2 72_ ..........

95.960 2.483 ........
122.734 2.310
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LBL TERPTmL
COUNT 30
ENTRY TERPT
REN

• THIS IS THE FAp VERSION OF TERPT POR THE ?090 CeMPUTERt
REM

* ?HERE IS NO ERROR CHECKING OF AAGUMENTS OUTSIDE OR THE RANGE
• FROM (XLO-XUP),

REM
TERPT SXD TERPT'2_4

SXA X_,2
CLA 2t4
PAC 0,2
CLA* I .4
F,_B Ore2
XCA
FMP "112
ST(_
UI:'A
S?A

7
=C233000000000
I

FAD Z
ST_ Z
LDQ I
MPY =*_
XCA
ADD 2,4
PAC 0,2
LDQ -_.2
FMp Z
FAD .__'?a 2
XCA
FMP Z
FAD ,',(_,_

_)(2 AXT *' t 2
TRA 3,4

Z
END
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LOG-tOG INTERPOLATION OF PROTON RANGES IN At

ENERGY RANGE

E = 1.0 R = 0.003

E = 1.5 R = 0.007

E = 2.0 R = 0.011

E = 2. _ R = 0;0!6 ...............

E = 3.0 R = 0.021

E = 4.0 R = 0.034

E = 5.0 R = 0.050

E = 6._ R = 0.069

E = 7.0 R = 0.090

E = 8.0 R = 0.I13

E = I0.0 R = 0.167

E = 15.0 R = 0.339

E = 20.0 R = 0.564

E = 25.0 R = 0.837

E = 30.0 R = 1.157

E = 40.0 R = 1.933

E = 50.0 R = 2.878

E = 60.0 R = 3.g83

E = 70.0 R = 5.160

E = 80.0 R = 5.438

E = I00.0 R = 9.854

E = 150.0 R = 20.033

E = 200.0 R = 32.839

E = 250,0 R = 47.870

E = 300.0 R = 64.832

E = 400.0 R = 103.292

E = 500.0

E = 600.0

E = 700.0

E = 800.0

R = 146.693

R = 193.7gg .......
R = 243.800

R = 296.093

E = I000.0 R = 405.500
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DENDNSTRATE SPEED OF SUBROUTINE TERPT

e_TINE IS O. SEC.

TERPT HAS CALCULATED IO0000 SINES

• _TINE IS 27.I15 SEC.
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FUN_O_ERPT(X,TAB)

C

O

C

C

C

C

THIS IS THE 3TFRPT VERSION OF YERPT, IT USES A HIGHER ORDER

,,. CUBIC .,. INTERPOLATION, IT MAY BE USED IN p_ACE

OF THE CUADRATIC TERPT WHEN IT IS DESIRED TO OBTAIN GREATER

ACCURACY, OR A SH_RTFR TABLE FOR THE SAME ACCURACY, OR WHEN

IT IS DESIRED TO USE AN IkTERPOLATED CURVE WHICH PAS

CONTINUOUS FIRST DERIVATIVES,

THE DISADVANTAnE OVER THE PARABOLIC VERSION IS ABOUT 3 TIMES

GREATER EXECUTION TIME,

THE NEEDED P_RTIONS OF THE TAB TABLE ARE FIRST COPIED OVER TO

LOCALLY _IMENSIONED ARRAYS, THIS GREATLY SHORTENS THE

234 0101

234 0087

234 0088

234 0089

234 0090

234 0091

234 0092

234 0094
234 0095

234 0096

STUPID FORTRAN BOffKEEPING,

THE VAI=/JES OF THE FOUR NEAREST DATA POINTS ... YMI,YO,YImY2 ...
234 0097
234 0098

ARE THEk CALCULATED FROM THE PARABOLIC COEFFICIENTS,

THEN BROWNS I_TERPOLATION FORMULA IS USED t

234 0099

234 0100

DIMENSION TA9(77),C(7),I(9)

DO 4 I=I,7

4 C(1)-TAB(1)

NPRAB=C(4)

C(6)=TAB(3'kPRAB÷7}

Z={X-C(I})'C(2}

20 II=Z

FI=II

_ F=2_'(_[I)

22 I=3"II'4

DO 34 _ = 1,9
T(K)=TAB(1)

IF(Z-,5)90,24,24

4?.4_IF(Z-(C(4)-.5))30_IOO, IO0

30 IF (F " I,O) 2,2,3

POINT IS IN LEFT HALF OF PARAB{EA

2 OmF

234 0102

234 0103

234 0 04

234 0 05

234 0 06

234 0 07

234 0 08

234 0 I0

234 0 II

234 0 09

234 0 15

234 0 16

234 0 12

2_40IIB
234 0119

234 0120
YMI=T(I)*,5*T(2)*,25*T(3} 234 0121

234 0122

YI=T(4)÷,5"T(5)÷,25"T(6)
Y2=T(7}

234 0123

234 0124
GO TO 50

C, _03NT IS IN _IGHT HALF OF PARABOLA

C

_.F-I,O

234 0125

234 0126
234 0127

234 0128

YMI=T(4)

YO=T(4)+_5'T(5)_,25"T(6)
234 0129
234 0130

YI=T(7)

C

C NOW WE NAVE THE FOUR NEAREST POINTS,,, USE BROWNS INTERPOLATION

234 0131
234 0132

FflRMULA TC CALCULATE THE CORRESPONDING VALUE OF Y,

500TERPT =YO_,5*Q*(YI*YMI+Q'(2,'YMI'4,1(YO'YI)'YO'Y2+Q*(Y2"YMI+3,t(Y0234 0135

4 "YI)))) 234 0136

88 RETURN

_S SECTION IS ENTERED FOR FURTHER CHECKING IF POINT NEAR EDGES

C

..C CHECK FOR POINT.., IN IST HAlF PARABO6A OR BELOW X_O
90 IF (Z) 9!,94,95

91 IF (Z - (-I.E-7)) 92,93,93

92 CALL TTRACE(6H X,C(I)_Z/C(g),6H .TS,,6H3TERPT)

234 0137

234 0059

234 0060

234 0061



93 Z = Oo

GO T_ 20
94 CflNT INUE

95 O = r

YOzT(4) 234 0068

yIzT(4),ogeT(5),.2_*T(6) 234 0069

Y2=T(7) 234 0070

YHI = 3eeYO - 3t*YI * Y2 234 0071
GB TB PO 234 0072

DHECK FOR PBIET... IN LAST HALF PARABOLA OR ABOVE XUP 234 0073

IF PRINT AT 8R SLISHLY OVER UPPER EDGE= REDUCE TO JUST BEEOW_

TF POINT TOO FAR ABOVE EDGE, ISSUE HESSAGE AND REDUCE TO JUST BEEO_,

log _F JZ = C(4)J 104.1O3elOI

I01 [r (Z - (C(4)*1,Eo7)) 103el03.102

Ifl_ DIll TTRADEt6H X=C(I)e?IC(2)=6H .TB..&H3TERPT)

103 Z • o99999998 * C(41

GR TR 2D
104 O • F " lie

¥HI • T(4)

¥0 • T(4) * .9"T(5) * .25"T(6)

Y! = T(7}

Y2 • 3,mYI • 3.mYO * YHI
GO T_ 50

END

234 0080
234 0081

234 0082

234 0083

234 0084
234 0164
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__ _N_ 0 E-PD(X TAB.)_ ..... 234 OgOl

C THIS IS THE _TERPD VERSION OF TERPD, IT USES A HIGHER ORDER 234 0002

C .., CUBIC .., INTERPOLATIeN, IT MAY BE HSED IN PLACE 234 0003

C OF THE C_ADRATIC TERPT WHEN IT IS DESIRED TO OBTAIN GREATFR 234 0004

ACCURACY, OR A SHMRTER TABLE FOR THE SAME ACCURACY, OR WHEN 234 0005

C IT IS DESIRED TO USE AN ]kTERPOLATED CURVE WHICH HAS 234 0006

C_ CONTINUtt,LSSFIRST DERIVATIVES_ 234 0007

C THE DIgADVANTA_E OVER THE PARABOL|C VERSION IS ABOUT 3 TIMES

C GREATER EXECUTION TIME, 234 0009
THE NEEDED P{RTIONS OF THE TAB TABLE ARE FIRST COPIED eVER TO 234 O0 0

LOCALLY DIMENSIONED ARRAYS, THIS GREATLY SHORTENS THE 234 00 I

STUPID rOPTRAN BOOKEEPING, _23400 2

THE VALUES OF THE FOUR NEAREST_DA_A POINTS ... YM/)YO,YI/y2 ... 234 00 3
C ARE THE_ CALCULATED FROM THE PARABOLIC COEFFICIENTS,

C THEN BROWNS IETERPOLATION FORMLLA IS USED,

DIMENSION TAR(77),C(7)tT(9)

DO 4 Iml=7

4 C(1)=TAB(1)

NPRABmC(4)

C(6)=TAB(3*NPRAB+7}

Z=(X-C(1)}*C(2)

20 II=Z

rI'II

?34 O0 4

234 O0 5

234 00 6

234 O0 7
234 oo a
234 O0 9

234 0020

234 0021

234 0022

234 0024

F=2.0*(Z-FI)
22 I=3"II*4

DO 34 K = 1_9
T(K}=TAB(1)

34 l=I*l

IF(Z_.5)90R_4_24

24 IF(Z-(C(4)-.5})30_lO0,100

.30 IF (F - 1,0]_22 2,3
C

C

POINT IS IN LEFT HALF OF PARABCLA

234 0025

234 0023

234 0029
234 0030

234 002b

234 oo_2
234 O034

2 Q=F

__XMI • T(I) * ,5"T(2) + .2_*T(3)

YOmT(4)

YI=T(4)*,9*T(5)÷,2_'T(6)

Y2=T(7)
GO TO 50

234 0035

234 0037
234 0038

234 0039

234 0040
POINT IS IN _IGHT HALF OF PARABOLA 234 0041

234 0042

30=F-I,O 234 0043

YMI=T(4) 234 0044

YOmT(4}*,B'T(5)÷.25*T(6) 234 0045

YI=T(7) 234 0046

Y2•T(7)¢,5'T(8)+.25"T(9} 234 0047

NOW WE HAVE THE FOUR NEAREST_FOINTS .... USE BROWNS IKTERROLATION 234 0048

C FORMULA F{R CONTINUOUS DERIVATIVES 234 0049

500 TERPD=(,Sm(YI_YMI)÷O*(Z,*Y_*(_TY_yO-Y2÷I,5*O'(Y2°YMI÷3, * 235 0056

4 (YO-YI))])*C(2) 234 0057

TERPD = 2.0 = TERPD

88 RETURN 234 0058

THIS SECTION IS ENTERED FOR FURTHER CHECKING IF_ PO!NT NEAR EDGES 234 0059

C

¢ CHECK FOR POINT,,, IN IST HA6F PARABOLA OR BELOW XLO
90 IF (Z) _1394_95

91 IF (Z - (-I,Eo7)) 92,93e93
92 CALL TTRACB(_H X,C(I)÷ZtC(2),6H ,TS.,6H3TERPD)

93 Z • Ot

234 0060

234 oo_l

GO TO 20
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94 CONTINUE

95 Q = F

YO=T(4)

YI=T(4}÷,5"T(5)÷,25*T(6}

Y2=T(7)

YMI = 3,*YC - 3,*YI * Y2

GB TB 50

C CHECK FOR POINT,,, IN LAST HALF PARABOLA eR ABOVE XUP

C IF PRINT AT _R SII_HIY OVFR UPPER FDG_, REDUCE TO JUST BELOW.
C IF PffINT TBe FAR ABOVE EDGE, ISSUE MESSAGE AND REDUCE TO JUST BELOW,

loft IF (2 - C(4)) t04, lO3a!OI

tOI IF (Z _ (C(4)÷1.E'7)) 103_103,102

IO2 CALL____I_RACE(6H X=C_I)__ ,TB,.&H3TERPD)

103 Z = ,99999998 " C(4)
G_ T_ 20

104 q = F - I,O
YMI = T(4)

YO = T(4) * ,5"T(5) ÷ ,25"T(6)

YI = T(7)
Y2 = 3,'YI - 3,*YO + YMI

GO TE 50

END

234 0068
234 0069

2_4 0070
234 0071

234 00?2
234 00?3

234 0080
234 0081

234 0082

234 0083

2_4 0084

234 0085
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_#FTNtL,A,P,EtG.
SUBROUTINE SYSDES

C

C

C

C

C ........... ABSTRACT .............

C

C WHEN REPETITIVE CALCULATION OF COMPLICATED OR NUNLIBRARY FUNCTIONS

C IS ANTICIPATED, USE OF AN EFFICIENT NUMERICAL APPROXIMATION IS HIGHLY

C DESIRABLE. THE SYSTEM TO BE DESCRIBED (TERP) PROVIDES A mEANS FOR

C OBTAINING SUCH AN APPROXIMATION WHEN THE USER CAN FURNISH ROUTINES

C TO CALCULATE THE FUNCTIONS HE DESIRES. THE ENTIRE SYSTEM IS AVAILABLE

C IN FORTRAN. FOR INCREASED SPEED, A MACHINE COOED VERSION OF THE

C INTERPOLATICN ROUTINE IS ALSO INCLUDED FOR 7090-FORTRAN-II,

C 7O90-FORTRAN-IV, CDC-LBO4 FURTRAN-63, AND 360-FORTRAN. USING THESE HAND

C CODED ROUTINES, THE TIME REQUIRED FOR INTERPOLATION IS 255 MICROSEC

C (IBM-f090), I07 MICROSEC (IBM-?094-1I), 441MICROSEC (CDC-1504A), AND 45

C MICROSEC (IBM-3601. THE SYSTEM WORKS BY TABLE LOOK-UP AND PARABOLIC

C INTERPOLATION, AND ITS ACCURACY DEPENDS ON THE FUNCTIONS AND ON THE NUMBER OF

C STORAGE LOCATIONS ALLOCATED FOR THE TABLE. FOR EXAMPLE, THE FUNCTION ERF(X),

C 0 .LT. X .LT. 4.5, CAN BE REPRODUCED TO 0.002 PCT WITH 250 STURAGE

C LOCATIONS OR 0.00005 PCT WITH 450 LOCAIIONS. THE SYSTEM CAN PRODUCE

C SYMBOLIC LANGUAGL {FAP, MAP, CDDAP-2, OR 350 ASSEMBLY) DECKS F_R CO_PIITING

C THE FUNCTIONS AND/OR THEIR INVERSES (BACKWARD INTERPOLATION). THESE

C T_E FUNCTION VALUES MAY BE OBTAINED FROM THESE DECKS BY FORTRAN

C STATEMENTS SUCH AS Y = ERF{X), AND X = ERFBAK(Y), WHERE THE NAMES ARE

C CHOSEN BY THE USER.

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C
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[ NTROnUCT TI3N

THE GRAPH BELOW SHOWS HOW THE SYSTEM WORKS.

7.I Z *

IFIG. 1.I

C I

C I

* THIS PARABOLA HAS

****_*_*A WIGGLE.

C 6.1 Y Z

I.E. THE PARABOLA THROUGH THE LAST THREE

POINTS DIPS BELOW Y AND Z.

C I Y

C I

C 4.1 X

(_EE WIGGLE COMMENTS IN TABX COMMENTS)

C I X

C 3.z $
C I

C I
C 2.I $

{ I

C I *

C I.I _'

C I

C *

.01 .02 .03 .04 .05 .06

C A PARABOLA IY = A ÷ B_X * C_X**2) IS CONSTRUCTED THROUGH THE

C FIRST THREE POINTS (DENOTED BY *). ANOTHER PARABOLA IS CONNECTED

C THROUGH POINTS 3 TO 5, ETC.

C

C FIRST, THE ROUTINES TABSET ANO TABX ARE USED TO SET UP A

C TABLE WHICH CONTAINS THE COEFFICIENTS OF THE PARABOLAS AND OTHER

C RELEVANT INFORMATION. THE FIRST SIX ENTRIES ARE...

C

C IST ENTRY T(1,1) = XL0

¢ _ND ENTRY T(2T1} = I.IXDEL XDEL IS THE SPACING BETWEEN PARABOLAS

C XDELI2. IS THE SPACING BETWEEN POINTS

C 3RD ENTRY T(3,1) = XUP

C 4TH ENTRY T(I,2) = NUMBER OF PARABOLAS OR (NUMBER OF PANELS)

C 5TH ENTRY T{2,2) = TONIC I.E. -1. IF DECREASING, +l. IF INCREASING,

C 0 IF NOT MONOTONIC, TONIC IS SET IN TABX.

C 6TH ENTRY T(3,2) = EXTRA SPACE AVAILABLE TO ONE WHO WISHES TO USE IT.

C

C THEREAFTER, THE TABLE CONSISTS OF THE A,B, AND C COEFFICIENTS OF

C EACH PARABOLA.

C

C FOR EXAMPLE, TO SET UP A FUNCTION FOR SIN(X) FOR X FROM 0.O TO 1.0

C YOU MIGHT WRITE THE FOLLOWING CODE.

C

C DIMENSION SINTAB{200)

C CALL TABSET( 0., I. ,200,K,S INTAB)

C X = 0.O

C DO I0 I = l,K

C Y = SINIX}

C 10 CALL TABX(X,Y,I,SINTAB)

C

C NOW THAT THE TABLE IS SET UP, YOU MAY USE THE FOLLOWING SUBROUTINES..-

C Y = TERPT(X,SINTA6) RETURNS THE VALUE OF Y FOR ANY VALID X.

C



/

/
/
/
/
/
/

/

C

C

C

-lOl-

X = BTERPIX,SINTAB) RETURNS THE VALUE OF X FOR ANY VALID Y [PROVIDED

THE FUNCTION IS SINGLE VALUED...I.E. MONOTONIC INCREASING OR DECREASING.)

C D = TERPDIX,SINTAB) RETURNS THE VALUE OF THE DERIVATIVE OF Y FOR ANY

C VALID X. NOTE, HOWEVER THAT THE DERIVATIVE OF A FUNCTION WHICH CONSISTS

C

C

OF PIECEWISE PARABOLAS MAY HAVE DISCONTINUTIES AT THE JUNCTION

OF ONE PARABOLA WITH THE NEXT. THUS TERPD USUALLY HAS LARGE ERRORS

C

C

AND IS NOT VERY USEFUL EXCEPT FOR CALCULATIONS CONCERNING ENGINEERING.

C Y = TERPI(A,B,SINTAB) REIURNS THE INTEGRAL OF Y FROM A TO B.

C THE RESULT OF TERPI IS MORE ACCURATE THAN TERPT SINCE INTEGRATION

C _ENDS TO INCREASE ACCURACY (JUST THE REVERSE OF DIFFERENTIATION).

C

C Y = TERP2IX,SINTAB| IS SIMILAR TO TERPT... SEE COMMENTS UNDER TERP2

C

C IHUNT AND IHUNT3 ARE FUNCTIONS WHICH ARE USED TO SEARCH AN

C ARRAY FOR THE NEAREST MATCH TO A GIVEN NUMBER. THEY ARE

C USED BY TERPU AND BTERP RESPECTIVELY.

C

C TERPU IS AN AUXILLIARY ROUTINE WHICH IS USED WHEN CONSTRUCTING

C TABLES FROM DATA OBTAINED FROM GRAPHS OF TABLES WHICH MAY NOT

C BE REGULARLY SPACED.

C

C TTRACE IS A SUBROUTINE WHICH WRITES ERROR MESSAGES FOR INVALID

C CONDITIONS. NONE OF THE ROUTINES LISTED ABOVE CONTAIN ANY I/O

C STATEMENTS, HOWEVER TTRACE DOES. THE I/O STATEMENTS IN TTRACE CONTAIN

C TAPE NUMBERS, AND WILL HAVE TO BE MODIFIED TO MATCH THE LOCAL STANDARDS.

IN OTHER ROUTINES WHICH ARE LISTED LATER, SOME I/O OCCURS, BUT THE TAPE

NUMBERS ARE ARGUMENTS WHICH ARE SET BY THE CALLING PROGRAMS, $0 THAT

THEY DO NOT NEED MODIFICATION. A LIST OF ERROR MESSAGES IS IN TTRACE.

C EQUIV IS AN AUXILLIARY ROUTINE USED BY TTRACE (SEE COMMENTS UNDER EQUIV)

C

C

C M_ECK, FDECK, AND CDECK ARE ROUIINES WHICH ARE USED TO PUNCH

C THE ARRAY AND AN ASSEMBLY LANGUAGE PROGRAM WHICH MAY BE LATER

C ASSEMBLED TO GIVE A BINARY CECK OF A DESIRED FUNCTION.

C

C FAPP AND CODAP ARE AUXILLIARY ROUTINES USED BY MDECK, FDECK, AND CDECK.

C

C

C

C

C ***DEMONSTRATION PROGRAM***

C

C FOR PURPOSE OF DEMONSTRATION, A MAIN PROGRAM IS INCLUDED WHICH

C ILLUSTRATES SOME OF THE WAYS OF USING THE TERP SYSTEM. YOU SHOULD

C REFER TO THE FORTRAN LISTING OF THE MAIN PROGRAM FOR DETAILS. THE

C FOLLOWING PROBLEMS ARE ILLUSTRATED...

C

C I SET UP A TABLE OF LOGIO(XI AND CHECK ACCURACY USING EVEN SPACING OF X.

C

C 2 SET UP A TABLE FOR EXPIOIX) AND USE TO OBTAIN LOGIO(X) BY BACK

C INTERPOLATION. NOTE THAT FOR THE SAME TABLE LENGTH OF TO0 WORDS,

C THE BACK INTERPOLATION IS MORE ACCURATE.

C

C NOTE THAT THE LOG FUNCTION IS A DIFFICULT ONE TO INTERPOLATE OVER

C A WIDE RANGE BECAUSE UF THE SINGULARITY AT X = O.

C IN PRATICE, ONE WOUL_ INTERPOLATE OVER JUST ONE OCTAVE INSTEAD OF

C OVER THREE DECADES AS IN THIS EXAMPLE.

C

C 3 SET UP A TABLE OF LOGIO(X) USING UNEVEN SPACEING FOR X.
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C

C

G

BY CLEVER CHO|_E OF THE X SPACEING. ME HAVE RECTIFIED THE FUNCTION.
AND WOULD OBTAIN A PERFECT FIT WITH JUST ONE PARABOLA.

C

¢
C

C

C

G
C

C

4 SET UP TABLE OF SIN(X) AND CHECK ACCURACY.

5 SAME AS ABOVEt EXPECT USE TERP2 FOR INTERPOLATION. NOTE THAT

THE ACCURACY IS CONSIDERABLY BETTER THAN TERPT AT THE EXPENSE OF A

SLOWER ROUTINE (SEE COMMENTS UNDER TERP2).

6 DEMONSTRATE THE BACKWARD INTERPOLATION OF SIN (I.E. ARCSIN)

7 CALCULATE 100,000 SINES TO DEMONSTRATE SPEEDC

C

C

¢

C

C

ILLUSTRATE HOW A TABLE OF VALUES CAN BE READ IN AND A TABLE

SET UP- IN THI_ CASE_ WE READ IN THE RANGE-ENERGY RELATIONS

FOR PROTONS ON ALUMINUM FROM RICH AND MADEY (UCRL - 2301).

THE TABLE IS SET UP FOR LOG-LOG INTERPOLATION.

C

C 9 ILLUSTRATE THE USE OF THE TABLE FOR RANGE AND DE/DR. NOTE

C THAT THE DERIVATIVE CALCULATION IS PROBABLY AS ACCURATE AS THE

C EXPERIMENTAL DATA. NOTE THAT THERE IS AN INTENTIONAL TYPOGRAPHICAL

C ERROR IN THE INPUT DATA AT 80. MEV. THIS ERROR CAUSES A WIGGLE

C WARNING MESSAGE.

C THE WIGGLE IS SUCH AN OUTSTANDING PROBLEM THAT THERE IS A SPECIAL

C SECTION GIVEN TO IT.

C

C I0 NOTE THAT THERE IS AN ADDITIONAL ERROR WARNING MESSAGE

C IN SETTING UP THE TABLE WITH TERPU, A VALUE OF X WAS USED

G OUTSIDE THE RANGE OF THE DATA.

C

C II ILLUSTRATE THE USE OF MDECK_ FDECK_ AND CDECK TO GENERATE

C AN ASSEMBLY LANGUAGE DECK.

C

C NCTE THAT OUR DEMONSTRATION PROGRAM USES A SUBROUTINE TYME

C TO TIME THE SPEED OF TERPT. FOR COMPLEIENESS, WE LIST THREE

C DIFFERENT VERSIONS OF TYME APPROPRIATE FOR OUR LOCAL MACHINES.

C THE 1604 VERSION OF TYME AND KLOCK WILL WORK ON ANY 1604 COMPUTER

C WITH ANY SOFTWARE.

C THE 7090 (FORTRAN-2) VERSION OF TYME, STOP AND WIND WILL WORK ON

C ANY 7090 WHICH IS FORTRAN-2 ADAPTED.

C THE 7090 (FORTRAN-4) VERSION DF TYME AND TAD WILL ONLY WORK AT

C THE COMPUTER CENTER AT K-25 (OAK RIDGE, TENNESSEE).

C

C

C

C

C ***LANGUAGE COMPATIBILITY PROBLEMS***

C

C

C THE CORE OF THE SYSTEM... ROUTINES TABSET, TABX, TERPT, BTERP,

C IHUNT, IHUNT3, AND TERPI ARE WRITTEN IN BASIC FORTRAN AND ARE

C COMPATIBLE WITH NEARLY ALL FORTRANS WITH ONE EXCEPTION. THE

C FUNCTION SQRTF OCCURS IN BTERP WHICH MUST BE SQRT IN FORTRAN-IV.

C WHEN ONE SEES THE STATEMENTS (THIS IS WRITTEN IN FORTRAN-2. THIS IS

C WRITTEN IN FORTRAN-4.), ONE SHOULD BE AWARE THAT ALL THE FORTRAN-2

C OR FORTRAN-4 ROUTINES USED IN THIS SYSTEM ARE FORTRAN-b3 ADAPTABLE.

C

C THERE ARE ALSO HAND CODED VERSIONS OF TERPT FOR THE 7090-FORTRAN IT,

C 7ogo-FORTRAN IV, AND 1604-FORTRAN 63. THESE, OF COURSE,

C ARE SPECIAL TO THE MACHINE. AT PRESENT, THEY DO NOT DO ANY ERROR

C CHECKING, SO THAT ONE SHOULD FIRST CHECK HIS PROGRAM WITH THE
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C

C

COMPATIBLE FORTRAN TER_ BEF__E_US!NG THE HAND CODED VERSION.

EVENTUALLY wE PLAN TO ADD ERROR CHECKING TO THE HAND CODED VERSION.

C

C

***ACKNOWLEDGEMENT***

THE TERP SYSTEM EVOLVED OVER A LONG PERIOD OF TRIAL AND REVISION.

THE FIRST VERSION OF TERPT AND BTERP WAS WRITTEN BY DIXON BOGERT IN 1962.

C MANY BUGS WERE OISCOVERED BY USERS WHO VOLUNTEERED TO USE THE

_C .... EARLY_SYSTEMSLIN PART ICULAR_ wE ARE INDEBTED TO JOHN WACHTER

C AND BOB PEELLE FOR FINDING MANY PROBLEMS AND MAKING SUGGESTIONS.

RETURN

END
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C D_MDNSIRATIf]_ OF THE USE _]F INTERPOLATIVE RGUTINES

C

C TH[S IS [HE F[_RTRAN-4 VERSION DE _AIN.

C

,OI !'_ENS I ON TLGGI(103) ,TLOG2 I 100), TSI N( 100), TSI NF_(103)

L)I _t_:NS INN _:ANGE (106), E(40), R(40 )

THESE TAPE NUMBFRS MUST BF CHANGED FOR YOUR NFE_)S,

NIN=50

NOU=51

NPP=52

C

C SET UP TABLE TLOGI OF LOGIO(X) WITH _IMENSION (100),

C LFTTIN_ X VALUES RANGE FROM .01 TO [0.

C

CALL TABSET(.nI,IO.,IOO,K,TLOGI)

X=.OI

Oq 5 I=I,K

Y=AL_G(X)I2.302585093

CALL TABX(X,Y,I,TLOGI)

C TABLE IS NOW C(]MPLETEO

C

XI=.O005

WRITE(NOU,900)

_RITE{NOU,Q01)

O0 i0 I=I,5

XI=IO.*XI

XX=XL

D_) [0 J=L,4

XX=2 .#XX

C

C INTERPOLATE IN TAF_LE FOR LOG10(XX)

YY=TERPT(XX,TLnGL)

Y=ALOG(XX)/2.502585093

DY=Y-YY

10 _RITE(NOU,O02)XX,Y,YY,DY

×X=tO.

YY=TERPT(XX,TLOGI)

Y=ALOG(XX)/Z.502585093

DY:Y-YY

_RITE(NOU,g0Z)XX,Y,YY,DY

SET UP TABLE OF EXPIO(X)

CALL TABSETi-2.,I.,IO3,K,TLOGI)

X=-2.

DO 12 I=I,K

Y:I0.**X

12 CALL TABXIX,Y,I,TLOG1)

XI=.O005

WRITEINOU,922)

_RI_EINOU,923)

DO 15 I=l,3

XI=IO.*XI
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OC_ 16 J=l,4

X_=7.<XX

INTLP, P_n,L ATI_ _,D,CK,,_AP, )S ]_' TA_LP FI]F_ L )!_IO('<Y)

YY=RTE'_P(x×,TLz3',;I)

Y=AL_]C()'X )/2. _;25P5103

!)Y=Y-yY

15 ;_ Ill (_{III,°_?) XY, Y, YY,DY

Xk=iO.

YY=F,,TEHP(YX,TI. qOI )

V-AL(]G( :,'x )//. 3 2S_2_3 ........

DY=Y-YY

,< ITF(N :'I,C'Z'2)'_,<,Y,YY,qY

SilT 'JP TA_7I_ :_F L?t;lO(×) I!SI",'f:, Lr}G S-_ACI_'"; FC!: ^_::,CIS_A

CaLL TAf3SET(AL h_( .F'II,,'_Li;G(I).),IO(",K,TLC](_2)

X=ALOG(.01)

!),q 20 I=I,K

X=ExP{X}

Y=ALLJ,S(x)I?. 3C2785'_q"_

2P CALL l& ;X(X,Y,I,TLF),]?)

X1=.09@5

!'_R I TF ( XlOIJ, 90,_ )

w_rT[-_ (NOU,CtO1)

)C 30 I=i,_

Xt=lO.*Xl

XX=XI

i]f] 50 J=l,4

C

C

xx=2.=×x

ENTER TA;3LE '_ITU L_q(X'_), Ii,JTERPQLAT_

×2=ALOG(XX)

YY=TERPT(X?,TL']G2)

F_3._ L@GiC_(K×)

30

Y=ALOG(xX)I2.:_2?5_'SCQ_

I)Y=Y-YY

,,.RI rF ( NWIU, o,?) ) × X, y, yy, I'W

XX=LO.

X ):AL,'3G( lO. }

YY=TER, PT ( X2, T LC(; ? )

Y= ALd!; ( XX ) /2.3,325 ,q5,3 -)3

OY=Y-YY

_R ITE( Ntq[J ,902 ) YY, Y, YY ,DY

C

C SFT UP TAP, LE i]l,- SIN(X)

CALL TABSET(O.,I.7,IOO,K,TSIN)

X=O.

O0 35 I=L,K

Y=SIN(X)

35 CALL TABX(X,Y, I,T£1N)

C

XX=-.[

NRITEINQU,O04I
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•4kITE(N ?.J, 9C5 )

_).j "+3 I:l_++I+:;
,_ .'.= ,CX +. 1

C

C I:ITFb'_;iLATF FI]I_ SIN(KX)

YY=I i=:{+)T( XX_.T% IF)

C

Y=gI_(XX)

OY:Y-YY

_-,J _.:! I Ti- ( NLJU, Oh 2_) X'K 9 Y, YY , DY

XX=-. I

,_RI TE ( NGU, 904 )

_'X= Kx+. 1

T_;TFkPqLAT,- FI._ SIN(_-_--_NG AVERAGE OF TWO PARABOLAS

4')

YY =TEi+ P) (XX, TS It._ )

Y=SIh('<x}

)y=y-yy

_,i,l TF(_ lll,g('2)'ZX, Y_ yy,DY

SFT tJP _ IL.OTFi,_IC INC_Ef, SI,"JF.,TABLE OF SIN(X)

CAll_ T_i_q_T(r). , I. 5, I03,K, TSIN_)

K=[) .

4 o,

Y:_I+_(K)

Cat L TA!-,X(×,Y, I,TSIN_

,,:ITF(,\,iM,'-)C7)

X'K=-. I

Dt] 5,1 I=I,1[>

XX=×X+. 1

IhTF.-_P(_L_TF gACKv+A_L,S F[iP X FRq'_ SIN(X)

Y=SIN(X×}

i)_=X-KX

.-_ITE(".hJU,'JO_)Y,_(X,k,OX

xX=-. [

D[; 55 I=i,16

C

C

C

×x=xx+. i

I+',.,IE _ pO L AT i- BACKNARDS

Y=T EP,P T ( XX,TS INL_ )

X=_TER P (Y, TS I;,IF_,)

FOP X FROM INIERPULATI-D SIN|X!

55

C)X=X-XX

WN ITE (Nt]U+90_) Y, XX ,X, DX

i-+R I T E ( f'lOU, q09 )

wRITE(NuU,_IO)
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X=-I

DO &O I:1,18

X=X+.t
Y=cr]s(x)

CALCULAIE INTEG#AL tJF S|_X} FR_]M X TR PI/2

YY=TERPlIX,I.STO79635,TSIN)

C

OY=Y-YY

60 _RITE(NQd,gO2)X,Y,YY,OY

X=O.

DO 65 T=l,lO0

65 TSINBI I I=X+.Ol _,

>4RITEINOU,gI3)

C

C INTERP£]LATE 1q9,0_0 SINLS TG OF_CN_TRATE SPFc_

C

CAI_L TY_E(O,N:IU)

DO 70 I=t,tO0

r)9 70 J=l,lO00

70 Y:TERPT(TSINb(I),TSIN)

_RITE(NOU,91_)

CALL TYME(1 ,alDU)

RE.Ai_ 1t ENEk'GY-4ANC, F TARSI. E &N_) C,t_,NVE_.T T!) Lt.g

RFAb(.'IIN,qI5) (F( I ),:_( I ), l:l, _,9)

;,_-_I T E (:'4_U, Q21 )

_,_ l TE('qcJtl,qlq) E ( I ),-_( I }
F ( I)=AL!T3(E(I) )

PO R( I)=_,L,qG{,4( I ) )

SET iJp L.QG-L;'".; E.*,II-.RGY-P_',]GF T,_3LE LJSI',iG T-y_2r>il TqTFDPOLATIqN

T'-) FINO T'4E .-t'?.I"ATES F,'.}P EQUALLY SP'_CE p, ._:.]SCISS& VALtIFS

CALL TAi_SET(ALi'C:,(I.),.&LC!(.,(IC:¢O.),I_q,K,CA"!r'L)

X=_LqO( i. )

Olq Rq I=I.,K

Y='IF_4.3UIX,F, {,', 3_)

85 CALL TAb_((.X,Y,I,_A:gG_-)

,'vk I T E (N;!U, 9 t(_)
•_'_ I TE ( N3d, c; i 7 )

_)q 95 I=[,lO

Xx=_._XX

ihf3 '_5 J=l,_

X=X+:<X

It( to6, .-x)!r;t, -_1, _,"

L-:_T;R TA:_Lk ,,TTH L ;G(['\!F×qY), I_JTE4'O )LATE Fi-_'

c',F; IA,KF- Ac,:II-L:-G T:] (;ET P/_.K,I;F

9? Xl =".LnC;( x )

Y=FXP ( [PP P T (X 7 ," "_.'qGv) )

C

C CALCIIL,%TE i)LV:_;(F_)/:.)L]G([) F[ ,n'_ TA;4L[: _,",;:J EF_,:Vf-!-'t TT qF/i)R
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OEDR=XI(Y*TERPDIXZtRANGE))

95 WRITE (NOU,gIR}XTYtDEDR

i00 wAITE(NOU,920)

912

PHNCH [JUT LOG-LOG ENERGY-RANGE TABLE COEFFICIENTS FO_

TNCORPOt_&TION INTO A FAP SUBROUTINE

C,_LL

CALL EXIT

cOO FQ_.AT ( 5514t

901 FLJ}_NAT(55H0

902 Filk,,1AT ( F12.2

903 FL)i-'_AT(SBH2

9C;4 FORVAT( 55H2

905 FQ_Et4AT(BqN0
£05 F];_'4AT( 55H2

£07 F!JR_IAT ( BSH0
c,0£ FOK'4AI'( Ft5.7

5C, _) FL:_4AT(55H2

910 F:-,'K;AT 55HC)

Oil F[_kYAT 55H!}

FO_'4AT 55 h',_

F _5k',AT 55H2

F "ji_,;4 A]:-5 bHi)

Ft;!.!'4 AT F18.2,F23.5)

_1_, F! _T 5bH? Lf;G-LF)G INTERPOLATION

hi7 E i_'4AT 55H(- ENERGY RANGE

qI_ F_}R,4AT IIXF_,.It2(4XFT°3))

Sl:; i-d_x_ & r ( ,'!0x, E ZO o8 )

ql4

ql b

SYS360141tBRNG_RANGEtNPP}

CALCULATE LOGtOi.OltlO.} N=IOO

X LOG(X} TERPT{X) ERROR

,3F12.7)

LOGIO(.OI,ID.) USING UNEOUAL SPACING N=IO0

CALCULATE SIN(O.,I.7} N=IO0

X SIN(X) TERPT(X) ERROR

INTERPOLATE SIN(O.,I.5) BACKWARDS N=IO0

Y=SIN(X} X BTERP{Y) ERROR

,FT.2,2FI2.7)

CALCULATE INTEGRAL nF £1N(X,PI/2.1 N=IO0

X INTEGRAL TERPI ERROR

x SINIX) TERP2(X) ERROR

Y:TERPT(X) x BTERPIYI FRROR

DEMONSTRATE SPEED OF SUBROUTINE TERPT

TERPT HAS CALCULATED 100000 SINES

OF PROTON RANGES IN AL

DE/DR

7

)

q?o F,9,,_'4AT(tin.',)

_42l F;,f,'4AT(L;t2,12XAHE4ERGY,ISXSItRANGE)
c,22 F h4'-;AT(qb_2 CALCULATE LOGlO FROM EXP[]NENTIAL N:IOO

;2_ F ;_,_T(i;-SH7 Y LOG(Y) BTERP(Y) ERROR

]ql)
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SUBROUTINE TABSET ( XLO,XUP, N, K, TBOR )
C

C

C

C

N=OIMENSIQN OF ARRAY

K=NUMRER OF PRINTS USED IN GENERATING TABLEITHE RELATIONSHIPS BETWEEN

K AND N ARE TME FOLLOWING.)

NUMBEP OF PARABOLA = (N-7)/3

K=2_(NUMBER !IF PARABI]LAS)+I

C K=2_(N-7)/3+I

C IF ONE NISHFS TO USE EXACTLY K DATA POINTS IN GENERATING THE TABLE,T,

C THE I]I_IENSItIN ,N, MUST BE = lg/Z)-_K+II/2 OR (3/2)mK+I3/2 OR (3/21_K÷I5/2

C I.E. IF N = 154 OR 155 OR 156

C xNUMF_ER OF PARAPM]LAS = (N-7)/3 = 49

C NUMBER OF DI)INTS USED IN GENERATING TABLE ,K, = qa

C THE REVERSE IS TRUF( IF ONf HAS 09 DATA POINTS TI4EN THE DIMENSION OF,T,

C IS = (3/2)_BK+II/2 ]P. (3/2)_-K+13/2 r_R |3/21_-K+15/2 = 154 OR 155 OR [56.)

C XL[!-SMALLFSI VALUE fie

r, XLJP-LARGEST V.SLUE OF X

C t_,,N'g-F_AMP _3F &-_:_AV !]NF USES

C

C ]ST ELTRY TII,I) = XLO

C 21_D Ei_T_Y T(2,1) = I./XDEL XOEL IS THE SPACING FH-TWFEN PARABOLAS

C XFIFL/2. IS T,4'.- SPACING RETWEFN POINTS

C 3ZD t__TRY T(3,I) = XUP

C 4TH F:L'TPY T(1,2) = NU,V_*_E-Z OF PARABOLAS OR (NUMBER RF PANELS)

C 5TF _,'TRY T(2,2) = TfTr',!IC foE. -]_. IE OECREASING, ',-]_. IF INCREASING,

C O IF NOT MONOTONIC, TONIC IS SET IN TABX.

C 6TH HNTRY T(4,?) = FXTi_A SPACE AVAILABLE TO ONE ,^_H[] WISHES TO USE IT.
C

)IMFNSICN Tr;n+.' ( _, 777)

',JP AR AP,= ( N-7 ) /

A=NPAP A_m

Tc_,OP,( I, t)=×L_;

T P,n,'7>( 2, [ )=A/(XUP-XLO)

T_F)G(3, [)=XUP

T_3[I F_I 1,2)=NPA_IA_

TSqnl 2,2)=C.

TB_i4(3,2) = O.O

K =2 :XNP AR Aft+ t

RI-TURN

tND
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SUBROUTINE TABX (X,Y,I,T)

C

C Y IS THE VALUE OF THE FUNCTION AT THE ITH VALUE OF X.

C I IS THE RUNNING INDEX FOR THE ITH VALUE OF X AND Y.

C TABX COMPUTES THE VALUE OF THE I+ITH VALUE OF X WHICH

C THE CALLING PROGRAM MAY USE TO GET THE NEXT VALUE OF Y.

C T IS THE NAME OF THE TABLE WHICH IS BEING GENERATED.

C

C ON THE FIRST CALL TO TABX, THE A COEFFICIENT OF THE FIRST PARABOLA IS

C SET. I.E. TABLE(I,3) IS SET TO Y.

c
C AN THE SECOND CALL TO TABX, THE VALUE OF Y, WHICH IS THE MIDPOINT

C OF A PARABOLA, IS TEMPORARILY STORED IN TABLE(2,3) AND NO FURTHER

C COEFFICIENT CALCULATION IS DONE.

C

C ON THE THIRD CALL TO TABX, THE B AND C COEFFICIENTS OF THE FIRST

C PARABOLA ARE COMPUTED AND STORED IN TABLE(Z,3) AND TABLE(3,3). [HE

C MONOTONOUSNESS AND WIGGLES ARE CHECKED, AND ERROR MESSAGES ISSUED

C IF APPROPRIATE. THEN THE A COEFFICIENT OF THE NEXT PARABOLA IS SET.

C I.E. TABLE{I,4) IS SET TO Y.

C

C THE PROCEDURE OF THE SECOND AND THIRD CALL ARE THEN REPEATED

C dNTIL ALL THE COEFFICIENTS HAVE BEEN GENERATED. AT THE CONCLUSION

C THE A,_,AND C COEFFICIENTS WILL HAVE BEEN GENERATED FOR NPARABS,

C AND THE A COEFFICIENT ONLY GENERATED FOR THE LAST.

**#WIGGLF**_

WIGGLES ARE A PFCULIARITY OF THE TERP SYSTEM WHICH HAVE CAUSED

XQRE TROUELF THAN ANYTHING ELSE. INt)FED, IT IS HA_D TO CONCEIVE

OF ANY INTERPOLATION SYSTEM WHICH IS FREE FROM WIGGLE PROBLEMS.

A WIGGLE IS hEFINED AS A CHANGE IN THE SIGN nF THE SLOPE WITHIN A

PARABOLA I.E. THE LAST PARABOLA IN FIG. I. WOLJLh HAVE A WIGGLE.

SOMETIMES THE wIGGLeS ARE DUE TO A POOR C_OICE IN SETTING UP THE

C TABLE OR A BAD POINT IN THE INPUT DATA. SOMETIMES THE WIGGLES ARE

C PERFECTLY LEGITIMATE AND ARE HARD TO REMOVE. SOME CASES THAT MAY

C RESULT IN wIGGLES ARE...

C

WHEN A FUNCTION IS GENERALLY MONOTONIC, BUT TWO ADJACENT POINTS ARE

EQUAL. THE ONLY WAY TO PUT A SMOOTH CURVE THROUGH THE TWO EOUAL POINTS IS

TO HAVE A wIGGLE.

C WHEN ONE HAS & FUNCTION THAT IS DECREASING. IF THE DECREASE

C 8ECi3MES TOO RAPIO, THEN a wIGGLE IS LIKELY. FOR EXAMPLE, IN SETTING

UP A TABLE []F THE GAUSSIAN FUNCTION, A WIGGLE IS LIKELY TO OCCUR

FOR _ VALUE OF X ABOUT 4 TO 6 STANOARO OEVIATIHNS, UNLESS THE WIDTH

OF THE PARABOLAS (XDEL) IS TAKEN VERY SMALL.

THE EFFECT OF WIGGLES ON THE ACCURACY OF INTERPOLATION IS NOT AS

SERIOUS AS SO_E OF THEIR MORE SUBTLE CONSEOUENCES. FOR EXAMPLE, IF ONE

C SETS UP A TABLE FOR THE GAUSSIAN FUNCTION, ALL THE INPUT POINTS

C _ILL 5E POSITIVE, BUT IT IS POSSIBLE THAT SOME PARABOLA MAY

C GO NEGATIVE DUE TO A wIGGLE. IF THE PROGRAM EXPECTS POSITIVE VALUES

C FQR ALL X, fHFq QNE MAY GET AN ERROR FOR THE SORT OF A NEGATIVE NUMBER,

C ETC. FUTHFR_ORF, WHFN ONE INTERG_ATES A POSITIVE FUNCTION FROM 0 TO C,

C ONE EXPECTS TO GET A MONCTONIC INCREASING FUNCTION. BUT DUE TO A WIGGLE

C THE RESULT MAY NL}T BE STRICTLY INCREASING, SO THAT IF ONE TRIES TO
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C

C

C

C

C

C

C

C

C

C

C
C

FUNCTION TERPU(XtXX.Y.N}

UNEQUAL INTERVAL PARABOLA INTERPOLATION.

FUNCTION TERPU INTERPOLATES BETWEEN THREE POINTS WITH A PARABOLA,

AND RETURNS THE VALUE FOR A SPECIFIED VALUE X.

N = THE NUMBER OF POINTS IN THE ARRAYS Y AND XX.

X = VALUE AT WHICH INTERPOLATION IS TO BE DONE.

Y IS THE ARRAY WHICH CONTAINS THE POINTS WHICH ONE WANTS TO INTERPOLATE

BETWEEN. THEY MUST BE IN INCREASING ORDER.

C XX IS THE ARRAY WHICH CONTAINS THE X COORDINATES OF THE POINTS IN

C THE Y ARRAY. THEY MUST BE EITHER STRICTLY INCREASING OR DECREASING.

C OTHERWISE A MESSAGE WILL BE ISSUED FROM IHUNT.

C

C THIS ROUTINE IS AN AUXILLIARY ROUTINE WHICH HAS NOTHING TO DO

C WITH THE SETTING UP OF PARABOLAS BY THE TERP SYSTEM. ONE USES IT

C IF ONE HAS SOME DATA AT UNEVENLY SPACED VALUES OF Xt AND WISHES TO

C CONVERT THIS DATA INTO EQUALLY SPACED DATA FOR USE IN SETTING UP

C THE REGULAR TABLES.

C
DIMENSION XX(777)tY(777}

I=IHUNT(XX_NvX)

IF(I)IO,lOt20

C

C

THE FOLLOWING TTRACE ISSUES AN ERROR MESSAGE IF THE VALUE X IS NOT

WITHIN THE LIMITS OF THE XX ARRAY.

C

_0 IF (X-O.9999*XX(I) } 18, IIt II

It IF(X-I.OOOI*XX{N ||19,19,18

18 CALL TTRACE(4H XtX,4HN IN,4HTRPU}

19 IF (X-XXII))30,3O,40

30 TERPU=YII}

RETURN

40 TERPU=Y(N}

RETURN

20 IF(I-(N-II}21,22,22
211=I

GO TO 23

22 I=N-!

23 IF(I-2}24,25,25

24 I=2

GO TO 26

25 I=l

C

C THE FOLLOWING FORMULA IS THE STANDARD LARGRANGIAN INTERPOLATION

C FORMULA FOR INTERPOLATING BETWEEN THREE POINTS BY MEANS OF A PARABOLA.

C

26 TERPU=YiI-I)*(X-XX(I I}*(X-XXiI+II}/(XX(I-II-XX(I )}/

I(XXII-II-XX(I+II}

2 ÷YII I*(X-XXiI-I}I*iX-XXiI+II}IIXXil }-XX(l-I)}/

3(XX(I )-XX(I+I}}

4 +Y/I÷I}*(X-XX(I-II}*(X-XXiI }}/{XXII+I}-×X(I-II)/
5IXX(l+ll-XX{I )}

RETURN

END
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C dSF _1_ 9 (!\_ T,:_ RES!JLT_h!T FUNCTION, F'NE WILL _Ir_TAIN A .NOT. MONOTONIC

llJ []P]D-! T) CC_OAT WlGr'LES, TA6X MAKES A CHECK FOR WIGGLES AND ISSUES

A WAPNIi,,_% _H:SS_,.GF. IF Yr_U GET WIGGLE WARNING, YnU SH(IULD CHECK TO SEE

IF ANY I)|S,_STr;RI_H, JS C@NSE!-]_ES WILL _ESULT.

C i%1 FNTRY T(},I) = XLO

C 2N;) EX:T_Y T(2,1) = I./X..']EL XI)EL IS THE SPACING _ETWEEN PARABOLAS

C _ )EL/2. IS T_4: SPACI,NC_ _FT',.,'EFN PP, INTg

C 3R',) r:',ITEY T(3,I) = XUP

C 4TH _r,!T_Y T(I,2) = _!l_,_qE_ 'IF PAPA_OLAS OR (NUMBER F_F PANELS)

C 5T_i I_r;TRY T(P,Z) = T_NIC I.F. -i. IF DECREASING, ÷I. IF INCREASING,

C _ IF NqT MONOTRNIC, TONIC IS SET IN TABX.

C 6TH F'ql-!_Y T(_,2) = EXTRA SoACF AVAILAnL F- TO ONE WHO WISHES TO USE IT.

C_!NCRL-TE F._<&'_DI_ OF C_-FFICIFNT CALCULATI,QN ICY COMPENTS OF TERPT.

;)I_'_:S ICN T(X,777)

I_(1-I)2,L,2

2 I_(I-2_'(I/2))_",10,20

T{I,3)=Y

C!IECK = l.C

G) TE! 4_

l0 K=(I+1}/2+2

T(Z,K)=Y

TONIC = T(2,2)

_C: TC I_

2( J=I//+/

HI=T(2,J

T(2,J)=4..]_(HI-H0)-H2+HO

T(3,J)=HZ-H0-T(P,J}

T(I,J+I)=H2

24 IF

5C IF

31 IF

,CHECK)2_4, 79, 24

HI-HO)25, 3(!,40

H2-HI)_I, 79, _2

TUNIC}TQ,Ph,36

3Z IF TnNIC)_,,41_7_

2h IF T]NIC)27,?h,Bn

Zb T(2,2} = -i.0

27 IF(HP--Hll7_),7_,Bh

4R IF(TON[C)36,_I,A2

4] T(2,2} = +i. _

42 IF(H)-HI)3(_,79,79

7_ bv_=r(P,J)

?YI=T(P,JI+2.*T(3,J)

IF(OYO)BO,Sg,q2

mO I F (gY I ) F_._,83, ;-h_

82 IF(OYI)_5,8_,_

86 CALL TTRACEIAHXVAL,X,4HWI(;L,AHTABXl

GC] TO _8

36 T(2,2)=0.0

CHECK = 0.0

88 A=I

X=T(I,I)+AIT(2,11/2.

IOI RETURN

END



-zz3-

FtJ'ICTIqN TF4;>T (X,T)

GRAPH SH;] ", ]',;5 TYPIC%L oA,,->AL:,r'Lf_ L'SFP, TN TF nD qYST _- ,_

?-I *

C I

C I
C I

C I

C I

C I- I -'._

C I

C I

C I

C I

C. 166-*

C C-I

C

C O .5 Io_)

IN THIS CruSE /_-k:q I;) F_F VlGHT P,.- FOI,_L T;: "fL, F I*TFRVAL ONE-HUNF)RETHo
1HIS _)'/ES L:;T "':",TTFZ SINCE THF: CC;IFFICIE"ITS At._E CALCULATED wITI4

THIS [NTERVL_L EVERY TI;:E.

WHif,i t_N r: ASKS F _R A V_L_!r; C,F ,K THE oft ]Gt_'_f ',' ACT_tALLY USES T_4IS TO

FI_{i} '^'HEF_E Tq{ CJ-',F,cFICIFLtTS ARF ST:-'.pFb.

C

C

C HI = i •0

C H,2 = 2.0

ftNF) I HA dALAI f'F Y AT _( = .q-_c_ t,Si_lCq T_ 112 0: XOEL.

t:(I_I_ULAS _:,, ]I TAr i× CALCt!I ATE THE rgi-FFICIF-',!IS.

HO = . le,F_6

C A = . 1606

C B = 1.5

C

C

C = .333B

A, B, ANI) C C,"RRESPOND TC THE l::OR,VtJL,'_.Y = A+g_X+C_Y'_Z.

USING XDEL = .31 AND XLq = 0.,9 WE STFr) THRUIJ_, _ r_t} -- aRQGRAM.

Z = .005-0.l. Ot = .5

.5 SATISFIES TH_ Cr_Nr)ITICNS HF THe: TW n IF STATP 4{ NTS SO VE CCNTINIJ_:.

I = Z 0:.5

A = I 0 = e

F = 7-A .5 = .£-0.

I I = 3"I C = 3:BO

TEqPT : T( II+7)+F_(T( II4-8)+F_T(II+ °) )

SINCE II = 0 t.,_- M&VE THP 7TH, £TH, &NO '_TH K-L{:'_F\!TS CF THE AR_'AY TBqR.

THFREFORF A, ,-/, ANI) C C[}RPESPOND TO OURS.

TERPT : .1606+i.5:_.5+.33J_,*(.51"#2 = l. n ,;NAT-q,q yrHI KNOW THAT IS ql]R

ANSWER, AND THAT IS RIGHT, IF TFF GRAPH IS .

C

C IF X IS OUTSTUF THF LIMITS (XLq,X_IP} THeN A_ FPqrlR IS GIVEN.

C

C IST ENTRY T(1,1 ) = XLC

C 2NO ENTRY T(2,I) = I.IXDFL X9FL IS THE SPACINC 'aLTWEEN PARABOLAS

C XOEL/2° IS THE SPACING BETwFFN pPINTS

C 3RO FNTRY T(3,1} = XIJP

C 4TH ENTRY TIt,2) = NUMBER OF PARAB:'ILAS ?R (NUMBER CF PANELS)

C 5TH ENTRY T(2,2) = TONIC I.E. -l. IF 1)FCREASING, +l. IF INCRFASING,

C 0 IF NOT ,'4)N]TONIC, TONIC IS SET IN TA_X.

C 6TH ENTRY TIZ.,2) = EXTRA SPACE AVAILABLE TO ONE iAHO ,4ISHES TO USE IT.
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C
)I,'IF:,_S[_N T(777)

7 = (X-TII))*T(2)

|e (7) I(;0, tO, I¢,

IC !F (l - TIll) ZO,II2,11O

F=7-A

24 I I : _*I
3 r' TCPPI : T(II+/)+F*iI(II+B)+F*T(II+q))

x_TuRN

l lt IF (Z - (-1.r-,,)) tC[,lCl,lO2

lnl C",LL T/_,_&CF(/+_! X,_,,4H.TS.,4HIRPT)

1 ? 2 1 = 0.0

GI TO 20
llC IF (Z (T(4)+I.F-6)) 11.2,112,111

II] C'_LL TTRACe(4tl X,X,4_.TS.,4HTRPT)

t).2 [ = 7-1.

P = ] •
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""C

FUNCTION TEi'_PO {X,T)

TERPD CALCULATES THE DERIVATIVE OF THE PARABOLA AT THE SPECIFIED VALUE

L)F Xo

X IS THE VALUE AT _HICH ONE WISHES THE I)FRIVATIVE.

T IS THE NAME OF THE ARRAY nNF USFS.

Y = A+B_,X+C_x_2, T_IEREFF}PF

L)Y/I)X = B+2_C_X.

C IST ENTRY TIt,l) = XLO
C 2NU ENTRY T(2,1) = t./Xr)EE_-I, -L%q-H]:_S_CTtNG KI-Tt,_-_EN PARABOLAS

C XDEL/2. IS THE ,SPACING _ET_FEN POINTS

C 3RO PNTRY T{3,]) = XUP

C 4T_ ENTRY T(],2) : NIJ4BER F?F PARA_FILAS fIR (NUM6FP OF PANELS)

C 5In ENTRY T(_P,2) = TONIC I..F.__FiT,,Rm_ _-7. IF INCREASING; ......

C 0 IF q,3T '4,qNr]TCNIC,, TONIC IS SET IN TAgX.
6TH E_,iTRY TI3,2) = EXTRA SPAC_ c 3_A-TCA_)LF TO O_,'E .<HP WISHES TO USE IT.

f)Ir4ENS I ON T(?T7)

Z = IX-T(III-'.'-'T(2)

IF (Z) ]-00,1(- , tO

tO IF (Z - T(4)) 2:),112,110

2(? I =Z

A=I

F=Z-A

24 1 I = ?,_I

30 TEi-',Pi.)=IT{ II+_:_)+2.0_T(II+'@}*FI_T(2)

RETURN

THIS SECTI:;N IS E,'_TERPO tF T}_F VALUI_ OP X I£ r_!._TSIt)F THF

I#,!TFfKVAL F!_{J#_ XLF TO ×UP. IF IT IS Vf]]Y _',IFA_ f,' THF LIMITS

(_vITHIN [.C i--7 :_F XOEL), THFN IT IS _£S!.J,_EO TI _,F EXACTLY ON THE E_,GP,
C &,40 THE CtqMP{IT,_T ,I []N o_,nCEE_)S.

C

C _UT IF IT IS FO_THER FF._Ot,_ TffiF rl(;Pg, TNE',,+ A TT:ArF _ESSAGE IS

C ISSUE.L)t ANI) TF,L- VALUE AT THL "4F-,'_E£T E)r_ _: IS ;,'I-T;J_:,NE'3.

C

10C l_ (Z - {-1.E-_)) l','l,]nl,102

lot CALL TTR&CE(4'-: X,X,4P.TS.,/_'4T_P _'))

102 Z = n ,,

G'q TO 20

llC IF (7 - (T(_,)+I._-C')) I12,112,111

Ill C-_,LI. TTRAC_:(/+H X,X,4H.I;_.,q_qT4P q)

it2 I : Z-I.

F = 1.

C;:_ TO 2_

ENO
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FLINCTI3N TERPI (A,B,TBOB)
C

C A IS THE LOWER LIMIT OF INTEGRATION.

C B IS THF UPPER LIMIT OF INTEGRATION.

C TBQB IS THE ARRAY ONE USES.

C

C FIRST THE LI,V,ITS .LRE INTERCHANGED IF B .LT. A.

C THE FUNCTI{IN TERPI INTEGRATES BETWEEN THE LIMITS A AND B.

C TIIE i]C LOOP CALCULATES THE INTEGRAL OF ALL THE PARABOLAS INCLUDE[_

C BETWEEN A ANt} B. THEN THE FRACTIONS OF A PARABOLA AT BOTH ENDS

C (IF ANY) A_E INTEG_<ATEO, AND TERPI RETURNS TIIE TOTAL INTEGRAL.

C _N ERROR MESSAGE IS ISSUED BY TTRACE IF A OR B ARE OUTSIDE THE

C [NTf,KVAL FROM XLO TO XUP.

C

C IST E_;TRY T(I,I) = XLO

C 2NL} E4_TRY T(2,1) = I./XOEL XOFL IS THE SPACING BETWEEN PARABOLAS

C X[_LL/_. IS THE SPACING BETWEEN Pt]INTS

C _k_} ENTRY T(3,1) = XUP

C 41H F,_rF{Y T(],2) = NO;4BER OF PARABOLAS OR {NUMBER OF PANELS)
C bTH ENTRY T(2,2) = TONIC I.E. -I. IF DECREASING, +I. IF INCREASING,

C 0 IF NOT MONOTONIC, TONIC IS SET IN TABX.

C 6Ttl ENTRY T(J,?) = EXTRA SPACE AVAILABLE TO ONE WHO WISHES TO USE IT.

C

,}I'4ENSII3N TF, OB 3,777)

KL=A

Xtl=_

IF(B-A)2,A,&

XL=H

rh] TD

4 TFRn I=._.

{;_, TN In]

6 StJ,'4:0.

?l=l.÷(XL-T};_J (1,l )*Tri@5(2, l}

Z;'=I.+(XU -Toni3 (t,1 )=TP, QR(2,1)

I t=Zl

I2=72

IF(IT) d,G, t'_

_}, IF-( '_L-T -_-?F_(I , t )+ ] . F-:._IT._N8 ( 2, 1) )£, '),11

'} CALL TF_ACC(-g_4

Ii /l=l.c

A,XL,4F.TS.,4HTRPI)

II=t

1:£ t;=I2

!_:( ,j -T'_q3( 1 , 2)- l. )20, I2, 12

]/ I r ( ×LJ- T qq 4( {, i }-| .E-6/T_QB ( 2, [ ) ) I5, t _, 1"_

] ", ,..,XLL T[_<AEE(4_! F,XO,4H.TH.,4HTCPI)

IS Z ,'=T._v_ ( i, )_)+ I .C.

12=Z2

2) 9=12

Ii-( c} -72130,25,1C0

2_, I/= ] -)-!

Bn ,;= I l

IF( _ -Z ] ) GO,/+B, Ic_-O

4'.; _= I l
/=71-V

S',};= -Z;_(T!',C'_( 1,II+2)÷Z*(TBOB(2,II÷2)/2.+Z_:TBC',B(3,II+2)/3.)I



-117-

45 IF(12-II)I00,75,5C

50 LLIOP= I 2-i

OFt_.60 I=II,LOUP

SUm=SU'4+T6[_!_(:_,I+2)/3.+.b_Tf-_OB(2, I+2)+TBOF_(I,I+2)

60 CO[',,TINUF

75 _ETA=I2

Z=ZZ-RETA

SUM=SU4+Z_(T_6q(t,IZ+2)+Z_(TBOB(2,12÷2)/2.+ZmT30_(_,!7+2)/3.))

_O TERPI=SmSUM/T_06(2,1)

GO TO lOt

lO0 CALL TTRACF(4H A,_<L,AHLURK,4HTRPI)

10 I RETURN
END
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FUNCTION BTERP (.YgT}

THE FUNCTION BTERP IS USED FOR BACKWARD INTERPOLATION. THE

SUBROUTINE IS ENTERED WITH A Y VALUE AND AN _RRAY, T. IHUNT3

IS CALLED ON TO FIND I HE PARABOLA WHICH CORRESPONDS TO THE

EXPLICIT VALUE OF Y. THE VALUATION OF X IS PERq_D BY ONE DF

TWO FORMULAS. I.E. IF 4.mA_C_/B_#2 .LT. 0.05 THEN THE SERIES

EXPANSION OF X = -IAIB):IZ./ZI_II.-SQRIII.-Z)) IS USED , WHERE

Z EQUALS 4._A*C/Bm#2.

IF 4._A_C/Bm#2 .GT. 0.05 THEN THE RATIONALIZED FNRM OF THE

QUADRATIC EQUATION IS USED. I.E. X = -2._A/IB÷/-SORTIBmm2-4._A_C|).

THE SIGN OF THE TERM(SQRT(B_2-4._A*C))IS-D_TFRMINED BY THE SIGN

OF THE SLOPE _HICH IS GIVEN BY THE MONOTONOUSNESS OF THE DATA POINTS.

THEREFORE TO OBTAIN THE CORRECT VALUE OF X ITHERE ARE TWO ROOTS)

wE USE THIS MODIFIED FORM OF THE EQUATION.

I.E. X : -2.*A/(B+TONIC*SQRT(B**2-4._A Ci]

THE SERIES EXPANSION IS USED WHERE IT CONVERGES (-.05 .GT. Y .LT..05),

BECAUSE IT IS FASTER.

IF THE DATA POINTS ARE NOT MONOTONIC THEN BTERP WILL NOT WORK.

C IST ENTRY T(I,I) = XLO

C 2NO ENTRY T(2,1) = I./XOEL XDEL IS THE SPACING BETWEEN PARABOLAS

C XOEL/2. IS THE SPACING BETWEEN POINTS

C 3RD ENTRY T(3,1) = XUP

C 4TH ENTRY T(I,2) : NUMBER OF PARABOLAS OR (NUMBER _F PANELS)

C 5TH ENTRY T(2,2) = TONIC I.E. -I. IF _ECREASING, ÷I. IF INCREASING,

C 0 IF N_IT _ONOTONIC, TONIC IS SET IN IABX. .....

C 6TH ENTRY T(3,Z} = _XTRA SPACE AVAILABLE TO fiNE _H[) WISHES TO USE IT.

C

DIM, NSION T(3,777}

TONIC = T(2,2)

IF (TONIC)20,@0,2C

C

C

20 NN = T(I,2)

I = IHUNT3(T(I,_),NN*I,Y}

IF(I)60, IIO,2_

I = NN+I ONLY IF Y = YLAST

23 IG(I-(NN+l))40,24,110

24 IF(TQNIC)25,IlO,26

25 BTERP = T(I,I)
GO TO 98

26 BTERP = [(3, i)

GO TO _8

EVERYTHING OK HERE, QgTAIN A, B, ANi] C COEFFICIENTS, AND BACKWARD
INTcRPOL&TE.

40 A = T(I,I+2)-Y

B = T(2,I+2)

C = T(3,1+2)

IF(B)45,55,45

45 Z = 4._A*C/Bmm2

IF(Z**2-.OO25)50,50,55

50 FRAC = -(A/8)*(I.+Z*(.25+Z*{.125+Z*(.078125_*(.0546875)))))

GO TO £b

C

C THIS IS A F()RTRAN FOUR FUNCTION.

C

5_ FRAC = -2._AI(S+TONIC*SQRT (B**2-4.*A*C))

C
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::_Tf,-D = T{ ],!)+(FImI+FRAC)/T(?,I)

C T"1S SkCTI(Yt i_.'T_-_6i) FI_!_ _-t_ING OF F_RqnRS.

6r' Y_-I_ST = T(l,3)

YLAST = T(l,n!n_+3)

IFIT:_NIC )gl, ].It', '_2

YiJP = YFI_T

G,_ TLI k._

(_2 YLr_ = YFIRST

YJP = YL&ST

(,_ ]_(Y-Y!IP)gZ+, 11,_,100

C IF TONIC = G, ISSUE "iE_SA(;F &NO SET 8TFRP = XLO.

'-_C CALL TT_'.a.C_ (AH T[_NIC,TONIC,AH.N.mIIN,6H_TERP }

G,'3 T_l g_

C

C IF Y LESS TH_N YLi], CHECK T(I SEE k'OW BADLY. IF BAO ISSUE MESSAGE.

C Sr-T 5TERP = XL,_( IF Tg_!]C = +I.)

C _TERP = XUP(IF T!]NIC = -I.1

C

G4 I';(Y-(.gq9 c_c'-, '_YLfJ))gS,S&,,o6

r_5 CALL TTP_CF(_*__ Y,Y,4_.TS.,t. HRTRp)

96 [ F ( T[JN I C )q 7, l ]_g, -gB

'9.7 BTE!,_D = T( ¢,1 )

G '_ T(] 3R

g_', V_TFPP = T(I,1.1

r_:) TEl qq

IF Y 5;-_,_AIER TI-_&N YUP CHECK TU SFF IF Y IS CL')g c TO YUP. IF NOT ISSUE

:_FSS&GE. SFT ,-_TFRO = XLn( IF TONIC = -I. )

C _,TERP = XI!P(IF TONIC = +i.)

C

ICO IF(Y-(I.OCCg:r."I mY!lP))lOl,lOl,102

102 C_LL TTR_,CE(QF_ Y_Y,6H.TB.,4WHTRP)

IOl I F (FONT C ) I(: _, llC, 104

103 _TF*,P = T(I,I)

GO Tr] '_8

1b/, KTE_P = [(_,i)

G(2 TO 88

C 0(';[- CANN',}T GET HERE...WE HOPE.

iIO CALL TTRACtI_H Y,Y,4HLURK,4MBTRP)

C,(] TO R_
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EUt';CT ION IHUNT (_,N,X)

C

C E IS THE A_RAY OF N _JATA POINTS, w._ICH MUST -_E EITHER STRICTLY

C INCKEASING O.R C_CREASING (MONOTONIC).

C

C IHUNT SEARCHES THE ARRAY E BY BIN/_RY SECTION IN ORDER TO FIND

C THE CLOSEST MATCH BETWEEN X AND THL VALUES I_'_ THE ARRAY E.

C THE VALUE RETIIRNFD IS THE POSITION IN THF ARRAY OF THE LAST

C P(_INT IN THE ARRAY WHICH IS SMALLE;_ OR LARGER THt_N X, DEPENDING

C UPON WHETHER IHE TA6LE IS MONOTONIC INCREASING OR DECREASING

C RESPECTIVELY. IHUNT IS USED BY TERPU.

C

C THIS ROUTINE COMPARES X WITH E(1),F(2),...E(N) AND RETURNS A

C VALUE FOR IHUNT

C

C IF X IS OUTSIOE THE INTER_AL FROM (E(1),E(N), THEN IHUNT = -I.

C

DIMENSION E(777)

IF(E(N)-E(I)) 1,200,2

I S=-I.

G_ TO 5
2 S=I.

b IF( S_-( X-E(I) ) ) 2C, BLT,,I C

I0 IF( S*( ×-E(N} ) ) 4D, 25,20

25 IHUNT=N

G[I TO [01

30 IHUNT=I

GC_ TO I01

4O ILO=I

IUP=N

DO 99 K=I,Ib

M=( ILO+IUP}/2

IF(S XX(X-E(r_)))50' 80,&G

50 IUP=M

IE(IUP-ILO-L)IO0,80,99

60 ILO=M

IF(IUP-ILO-I)lO0,?0,99
99 CONTINUE

70 IHUNT=M

GO TO tO1

80 IHUNT=M-1

GO TO lOt

I00 CALL TTRACE(4H ARG,X,4HLURK,4HIHNT)

G[I TO 20

200 CALL TTRACE(4H ELO,E(1),4H=EUP,4HIHNT)

20 IHUNT=-I

101 RETURN

END
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FUNCT Ii!N I_UNT3(_:,N,Y)

C

C

F IS THE ARRAv }NE USF:£.

_ IS THE NI!'4i:[-q :-;F Pi]I_]S IN THE TSP, LF_. -

Y IS THE VALI#_- _F': THF _.R')IWATF AXIg n'HIC _ Crr_'fgPn_i)S TO THF

:_II'e[3FF< OF S I) "_I_ DAR_4C}I.A.

IHUqT_ );?_S ,:_ACTLY Tt t %_:,iF &S I 't ";T, EX;)LCT T _,T IT LI3CKS AI

OHLY EVERY r41rk : EL '4E\_T 1:' THE _:_AY 3T_RT[_ ,,;T4 THF FIRST.

T_'I <, IS [JSE) !iv gfcpo TC S,'cA:2C u THqC!JgH A T_'_I ?F PAR&ROLA

CI FFFICIENTS, SINC _ isV_PY THIRi _ C q{FFTCIFNT 1% T'{i VALUE OF

Y .AT THE _i:GINMI'_!G l]_: A _P_PnL_o THI£ L3CATr:T_RAHgLA --

NUM_7,FR wHICt! C_ <RFSP:iNI)S TF, x : A SPrC[F_FF_ VALIi:: P F y.
C

C IST rNTRV TII,I) = XLn

C 2NO ENTRY T12,11 = I.IX)_ _T_FL IS TH_ SPA_ % TcT]_EFN PAPAROLAS
C XD_L/_. IS THE SPACING {,FTwECN PGINTS

C 3Rb FNTRY T(3,].I = XIJP

C 4Tl't ENTRY T(I,2) = NU,'4,_ER ["F PARAq{iL?,. <, _++' (",i'lM_.Eq I1: P&NFLS)

C 5T_ ENTRY 1(2,_I = Tt]NIC I.E. -I. IF 9PCVEASI_,"_, +I. i_ INCRFAKINC,,

C F) IF X !T _ !9:lTt _!IC, TPP4IC IS SET IN TA3X.

C 6TH ENTRY T(ti,2) = EXTRA SPAC r "VA]L&+_LC Tf) rWE _;_n "ISHFS TO £ISP IT.

C

0 [.v.F:NS I CN F( ,_, 777 )

Y = y

IF(E(I,N)-F(1,1) )t,2e'_,2

I S=-[.

GUT[} 5

2 %=1.

5 IF(S*(X-F( [, | )),;'0_,3,)_10

I0 IF(S_IX-E(1,N 114(3,25,20

25 ] HU_qT :_=N

GC, Tn iOl

30 I _4UNT3=I

GO TO 101

40 TLO=]

IUP=N

()C) 99 K:I,I£

vl=(ILQ+IUD)/2

I FIS_x(X-F( 1, _, 1)50,8C,5C

5O IUP:M

IFIIUP-ILO-1)ICO,HO,_g

60 ILU=M

IF(IUP-ILO-IllO0,70,9_

99 CRNTINUE

70 IHUNT3=M

GO TO tO I

80 IHUNT3:M-I

GO TO i01

I00 CALL TTRACE(4H ARG,X,4HLURK,4HIHT_)

G_) TO 20

200 CALL TTRACE(4_ FLO,EII,]),_H=FUP,4HIHT3)

20 IHUNT3=-I

I01 RETURN

END
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FIILJ TI ]N TF_<P}'(X,TA_S)

C
C ",' IS THE VALIJF AT NHICH (]NI- WANTS AN [NTERPOLATEO VALUE OF Y.
r_, I _, ;3 ]S THC ,&f,':_AY ONE [JSEC,.

C
C TF_P? I% c, ,.T _F A,"l Ar',!AC:'_DNISM '_HICH NAY PROVE USEFUL° IT HAS THE

C %"_4C PU_L)%!_ iS TFR;_T, EXCFPT IT IS S[IMFWHAT _4,]RE _CCURATE AT THE

C _XP;. '_St- :Jr- '_t]Ci_ LONGErk EXECUTIf'rN TIME.

C
C IT IS ! _,SF!" ]i,,j THE PRINCIPEE THAT ONff CAN DO _ PARABOLIC INTERPOLATION

C 'Y cJSI,'_G T:_t ,;ItFERE'JT SETS NF THREE p(IINTS. THUS TERP2 IN EFFECT

C _-;1% T4C n,i_A_i_'LA INTEPPL-'LATIONS USING EACH PCSSIBLE SET, AND THEN

C ,_ T_JR,_JS T'.Ig AVERA%E _]F THE TW[). THIS SYMMETRICAL TREATMENT GIVES

C F)iJ&L CI,_SIt,EKATIf]N T[1 FVCRY DATA PCINT (EXCEPT THE END ONES).

C "_[ Td c _Ni-]S, Tl_k oESULT IS THE SA_F AS TEPPT.

C

C IST Fr'F:_,Y T(I,I) = XLO

C 2hr ; _:_'TKY T(2,I) : I./X)EL _F)EL IS THE SPACING rtCTWEEN PARABOLAS

C " '_ /?• _,_L . IS Tt4L £DAFING nFTWFEN PI]INTS

C 3.c,,; _",_T<Y T(_,_l) = XUD

C 4Th fI,,F"Y T(1,?) = NU:4FiER rE PARA_C}LAS _IR (NUMRER OF PANELS)

C 5TH F_',I_,Y T(2,/) : Tr'NIC I.E. -1. IF -}FC,REASIN(;, *l. IF INCREASING,

C O. IF NC_,T MON)TrlNIC, TONIC IS SET IN TABX.

C 6T_ F_,!TqY T(3,2) = [XTR, A SP_CF AVAILAP, LE TO ONE wHO WISHES TO USE IT.

C

i:,I_,_4Slain T_(77),C(7),I(q) 234 0102

,)rl 4 I=I,7 2_4 0103

4 C(1):[h,_(I) 234 0i04

_Pr_[_4=C(4) 234 0105

C{,h):T'_(_=\D",/4::.+7) 234 0106

/=('_-C( ] ))*C(#) 234 0107

20 II=Z 234 0108

FI=II 234 0110

F:P.O*(Z-FI) 234 OllI

2Z l:_*lI+4 234 0109

!);-1 34 K = l_q

F(K)=TA_(1) 234 0115

_ I:I+[ 23_ 0116

I_(Z-.%)qc,26, Pa 234 0112

24 lr(l-(,7(4)-.')l )'W), [C',_,ICO

30 1F (F - l.O) 2,2,3

C P]I_T IS l_q L_FF HALF iQF PAPAqOLA 234 0118

C 236 0119

? O=F 23_ 0120

yNl=T(I)+.q_:_T(2)+.25_T(3) 234 0121

Y,"=T(4) 234 0122

YI:TI4)+.b_T(5)+.25_T(_) 234 0123

YP=T(7) 23_ 0124

G_ TO _0 234 0125

C P }I:'IT IS I:4 RIGMT HALF OF PARABOLA 234 0126

C 234 0127

30=F-I.O 234 0128

Y_!l=r(4) 23_ 0129

Y_=T(4)+.5*T(5)+.25*T(6) 234 0130

Yt=T(7) 23_ 0131

Y?=T(7)+.5_T(_)+.25_T(9) 234 0132
50 TERP2 = YO 4 .2q_q3_(-(YNI+Y2)-3._YO+5._Yt + Q_((YMI+Y2I-YO-YI))

58 _ETURN 234 0137
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C THIS SECTION IS ENTERED r-OR FURTHER CHECKING IF POINT NFAR EDGES 234 0n59
C 23/$ o06q

C CHECK FOR POINT... IN 1ST HALF PARABOLA _qR RELnW XLO 234 COAl
90 IF [Z} 91,94,95

91 IF (Z- {-I.E-6)) 92,93,93

92 CALL TTRACE(4H X,C(1)+Z/C(2),4H. TS.,4HTRP2)
93 Z = O.

G[3 TO 20

94 CONTINUE

95 0 = F

YO=T(4) 234 0n6£

Y1=T(6)+.5*T|5)÷.25#T(6) 234_

Y2=T(7) 234 ¢n73

YMI = {._YO - 3.*Yt + Y2 ?={_-_TI

Gil TO 50 234 007?

CHECK FOR POINT... IN LAST NA[_ PARASOL& _ AROVF ×tJD 2_36 nn7"_

IF P[}INT &T r!R SLI(;HLY OVFP !I#PE_ EOGE, _F_)t!CE T_ JLISf 3EL[)W.

IF POINT 101) FAR A_OVF EDGE, ISSUE _LSSAGF _,Nt? PEi_ ICl7- Tr] JUST BELOW.

lO0 IF (Z - C(a)) 104,103,I01

lOt IF (Z - {C{4)+l.E-e)) 1('3,103,10?

102 C_LL TTRACF(a_4 ×,CII)+T/C(2),4H. TF.,a_T2#2)
103 Z = .gg-39°99H * C(4)

G/ TO 20

104 .? = F ....

YMI = T(4) 234 F'08.3

Y,3 : T(4) + .5R:T(5) + .25*T(fl) 2_z+ 00£1

YI = 1(7) 2_4 P,]_7

Y2 = 3.*YI - 3.*YO + Y*41 ?__6 a_

GO T[) 50 ?_4 _r'q4

END 734 _IA4
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SUBROUTINE TTRACE(VAR,VAL_TYP,SUB)

C

C THIS IS FNRTRAN FOUR VERSION OF TERP SYSTEM

C

C .T_. MEANS T_O BIG.

C

C

C

IF(KKK--15178)IO,20,10

.TS. MEANS TOO SMALL.

.N.M{)N MEANS NOT MONOTONIC.

LURK MEANS THE IMPOSSIBLE OCCURED IN A ROUTINE. | WE HOPE YOU NEVER

SEE THIS MESSAGE .)

ELO = X.XXXXE-XX J EUP MEANS IfiAT THE TABLE OF DATA PDINIS USED

_Y IHUNT AND TFRPLJ IS N_IT MONOTONIC AND CANNOT BE USED BY TERP SYSTEM.

.N.IN. mEANS THIS VALUE IS NoI_HE SPECIFIED ARRAY.

,41(_GLE MEANS THAT THE SLOPE HAS CHANGED WITHIN A PARABOLA.

10 KKK=ISI 78

THIS T-kPE ;JlJMnE,.kMUST BE CHANGEI) IN DIFFERENT FORTRANS.

K ]tINT2=O

K_,U'_T3=O

KiiUNT4=r

,K:_LJ',T(_: g

CALl E_,_u IV( SU,s i, 4HTR PT l

C_LL E ,)UIV (S U _ 2,4HQ, TP-P )

C,'_LI F :_01V lSU:_ _,,4HTJ.',PI )

IHIS gE-CTIn"! C:')NT_RC_LS NUMP, ER C)F LURKS PRINTED. MAXIMUM OF FIVE...

2_ r, LU ,iT5:K ,iU_,;T 5+ l

I F ( K _3U",_T ')- _ ) _ ?, 3 :;, ,g,0

30 ,_':'ITE ("_T .]LI,_'.II)

Ti:IS :':,ECTIm,',;C{}_TKi)LS NUMPE_ OF ERRLIR MESSAGES GIVEN. MAXIMUM OF

TLh FciR TEP_T, aTERP, ANt) TI:-RPI. MAXIMUm OF TWENTY FOR ALL OTHER

C SOl _,.]UTI,_TrS.._

C

4CO IF( SuH- SiJk_I) g " ,7C _,5_

5i: IF (c,liP-SIJ",?)_'_,;,_,L;,60

6C i _ (%O_-StJ_3) 1O S, 00, 100
7,:. KP,,Pql I=,KlhJ_'.ITI+_

IF ( K!!tJ'_IT 1- it,) t 1_, 11(., 12r,

H: K_'ll _T 2=K',]ONT _+ l

IF ( F-,OLJ:,,il?--1}) IIC,I IC', 120

g_2 K ,,d'gT 3= K,;IF,ITc_+i

IF(K,_O',_T_-I:-_) lIE, 11C, 12r_

IuC < Ch!"':T 4 = K ,)HNT _,,+I.

11-(_){]_,JT_--P_") I li], lIE, 120

IIC _k]TF:( ,_TI,U,C_'_")VA__,,VAL,TYP,SU_

12C -:_1 Li_ N

C
C THIS IS Tri_ _!:'PUi,! MESSAr, E.

C
,#,,ii-F_},,:_,_A](IS'-I:";_:=",_ PRR_ ,3,4,3H = EIO.3,2XA4,41_ IN A4,TH _*_'_*)
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C

C THIS IS THAT MFtNSTER LURK.

C

gOl FURMAT(1H25X26HHEWAPE THE LURK. ZAP. Z&P.42XIHX/ O[

-72X2NX X 1 IX 3HZ AP/ 02
-71X3HXXV8X3HXXX/

-70X4HXXVV9×2HXX/

-69X3HXXVtOXtHXIXtHX/

-oRXkHX×VVSX1H_3×IHX/

O3

04

05

O6
-o7×3HX×VGX ] HX t XIHX 1X IHX )

902 FGRMAT ( 66Xz+HXXVVq Y ]HX3× ]HX/

_mSXSHX×V2XtHX3XtHX/ 09
-(_/+X4HXXVV IX IHX | X tHX LX 1H×/ tO

--50 X _klO0 t X?,HX XV i× 2NX X ?,XIHX/ t l

-58X9HXXXXXXVVV/ 12

-57XSHX×XXXXXA 1 _iHA tXIHAI × IHAIXIHAI ×[HAIX IHAIX IH& t X tHA/ 13

-R6X26H_XK×XXX A_&A& &A &A&AAAAA&AA&)

gO3 FOP*4A[ ( [_X64( [HX)/

-18X2HXXS×[_q_z-XIi4U2XIHUlX4H#RRRtXIHKIX?HKK||X25( IHX)/ 16

-17×2HXX6X1HL4XIH_,J2XgHU R R KKI2_X4HXXXX/ 17

-IOX2HXXTXIi_LGXI:4U2X-3HU RRRq KKIIX3HXXX/ !8

- [ 5x 2HX _£XE+HLLLL 2v t3H_JU 'Z _ K K8X3HXXX/ ]q-

-I4X2HXX3X40( |H×)/ 2_0

-5x lkHX,_×XXXX x Y xX×XXe-X2HX × 3x2_4xx [ I X2H×X3X2HXX/ 21

-bXI_HXXXXXXXXXXXX5XgHXXXX XXX×QX4HXXXX ) 22
END
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SUBROUTINE EQUIV|-XeY)

C

C

C

C

C

C

C

C

C

EQUIV IS USED SO THAT ONE CAN DEFINE A HOLLERITH LITERAL.

I. E. IF ONE WISHES TO SEE IF THE WORD DENOTED BY X CONTAINS A

CERTAIN SIX HOLLERITH LETTERS_ ONE COULD USE AN IF STATEMENT .....

IF (X-WORD)A_BtC

BUT ONE NEEDS SOME WAY OF SETTING WORD EQUAL TO THE HOLLERITH

INFORMATION THAT ONE WISHES TO CHECK. ONE EASY WAY IS TO READ THE

INFORMATION INTO WORD USING A IA6 FORMAT.

HOWEVER_ EOUIV OFFERS AN ALTERNATIVE WAY, BASED ON THE FACT IHAT

NEARLY ALL FORTRAN COMPILERS WILL ACCEPT AT LEAST ONE WORb OF HOLLERITH

INFORMATION AS A SUBROUTINE ARGUMENT. FOR EXAMPLE_

CALL EQUIV{WORD,SHSMITH}

THEN WORD WILL CONTAIN THE CODED HOLLERITH FOR SMITh.

C

X=Y

RETURN

END
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S I.JV,R ;1UT [ ,'_F x' I_-,C,K ( NAIVE l_t N _v,_ 2 y T t N T )

THIS SUF_R:q#II,( _AS W_ITTF_! IN FnqTRAN FOUR.

T-ARRAY N,',;,"E(I_.E UNF T(I _L PUNCHFI) nY THIS SUE_RF!UTINE.I

"JA'_r1-[S I_iP i)FC_IL_II NA-iF _i_c WISHFg T{]--CALL i.l_ N_W SUBROUTINE.

IA.'E/-SdV, R_<JTI_\tg CALLEF)(TFRPT..._ ETC.)
;_ I -T/_,PF: ,_ij_'v " F:<

THIS %Ub_{;_lTl(i!: MAY P F dSED WHFN fT IS F)F_r_ TO O_TAIN

A !-I_ARY _)[.CK FF S{P4F FUNCTION WHICH _S P,EF _, (:FNERATED BY THE TERP

SYSTF,I. I J {:_q_u Tn )0 TvIS, F!NE _UST F!PSI'_-T AN ASSEMBLY LANGUAGE

UECK A:qC) THEN 4SSEM_,,LF IT. TNIS SUgRdUTINE _AKES THF ASSEMBLY

AFIER _SS[ ,£LY_ IM ]R!)E[_ TO EXECUTE_ t;NF _F[/_T l_!)a_ THF BINARY DECK

_:]R THE T_LLF, _N F) THE SPECIFIED Silr_qt]UTI_F(TFPPT,JqE, OR QDISKI_,

IF_U T_F Sd _;!_III_:ES _H_C_ IT CALLS(TTR&C_, JQFJCE_ OR KDISK).

EAOP ANC Cr)i_P PUNCH TH_ ,&RR_YS Ik! 70QP OR I#:O_ C(IMPUTER EQRMATS
2 b SP FCT IV FL Y.

C

C THIS CAPAIILITY IS N_]T LIMITFD TU IHF TERP SYSTEM.

C

C !<FDECK P_or)ucEs A DECK (IF CAROS ACCEPTABLE T(I THE FORTRAN FOUR

C ASSE:MP, LLR FN THL- 709J.

C

r)I>'EqS I F!N T(777)

WRIIE(NT,gO)NAqFI,NAMF],NAmEI

•,jr; FI!RHAT( 7H$I i_M'_P IA_,2X 67X/

l [SFI ENTRY 154_,PX 5c)X/

2 ]6Nr'FGIN FOU _ 64X/

:_ A4, ';X I5H SXA RACK,4 59XI

4 1,'IH CLA 3,4 ,62X)

el F[}R_AT( i _4 STA _&4 62XI

1 15t4 CALL Ia4,1X 60Xl

2 IgH _-TC (_, 61×I

3 IgH FTC TI) .62X/

4 t :)H"_ a C'< AXT _x:,_ 6IXl

5 I_H IRA I, z_ .62X)
N=3.mT(4)+7.

O0 llO I=i,_'

110 CALL FAPP(T(I),I,NT)

_RITF(NT,92)

92 F+]RMAT(IOH ENI),TQX)
RETtJRN

LND
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SUBROUTINF FDECK( NAME I, NAME2, T,NT)

C

C THIS SUBROUTINF wAS WRITTEN IN FORTRAN FOUR.
C

C T-ARRAY NAME(THE ONE TO BE PUNCHED _Y THIS SUBROUTINE.|
C NAMEI-IS THE i)ESIREi) NAME ONE WISHES TO CALL HIS NEW SUBROUTINE.

C NAME2-SUBROUTINE CALLEDITFRPT..., ETC.I

C NT-TAPE NUMBFR

C

C ThIS SU3ROUTINE MAY BE USED WHEN IT IS DESIRE_) T] OBTAIN

C .k filNARY DECK L]F SOME FUNCTION WHICH HAS ,_EEN GENFRATED BY THE TERP

C SYSIEM. IN OROFR TLI 00 THIS, ONE MUST FIRST GET AN ASSEMBLY LANGUAGE

C I)ECK AND THE_ ASSEMBLE IT. TIIIS SUBROUTINE MAKBS THE ASSEMBLY

C LANGUAGE DECK.

C

C AFTER ASSEMqLY, IN gRDFR TC EXECUTE, ONE MUST LC)AD THE BINARY DECK

C F 1_ THE TABLE, a_iO THE SPECIFIED SURR_]UTINE(TERPT,JOE, OR QDISKÁ,

C AND THE SDSROLJTINES _HICH IT CALLS(TTRACE, JfiEJr_E, OR KDISKI.

C

C F APP ANC CODAP PJNCH THF ARRAYS IN 7090 CR 1604 COMPUTER FORMATS

C RESPECT IVELY.

C

C THIS CAPABILITY IS NOT LIMITEO TO T_tE TERP SYSTEM.

C

C F_ECK PRODUCES A CECK OF CARDS ACCEPTABLE TEl THE FCRTRAN TWO

C ASSFMBLER ON THE 7090.

C

,)IMENS ION T(777)

WR I TE ( NT, gO) NA_,EI, ;._AMEI

WRI TF(NT,91 )NAME2

gO F,qRMAT (24H_ FAR ,56X/

I 15H ENTRY IA4,2X ,59X/

2 I6HBDGIN EQU * ,64x/

3 A4,2XISH SX _) BEGIN-2,4,56×/

4 24h CL A I , 4 ,5,_X /

5 24H STA *C2 ,56X)

gl F(]R _IAT ( 24H TSX PFN@N-3,4,56X/

I 24H TSX **, ,56X/

2 24H TSX TI,O ,56X/

3 24H LXD BEGIN-2,4,55X/

4 24H TRA 2,4 ,56X/

5 16H NOP $IA4,2X ,5@X)

N=3.*T(4)+7.

C ARRAYS RUN BACKWARDS IN FORTRAN-2

DO ii0 II=I,N

I=N-II+I

iIO CALL FAPP(TII)tItNT)

WRITE(NT,Q2)

92 FORMAT| IOH END, 7OX)

RETURN

END
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C

SUSRCIUT INF C! H2CK { NAME 1 , N&_-_E2, I, NT I

IHIS SL;_RPurI_J _- WAS WRITTEN IN Ff,_KTm_ _J Ff_Um.

T-Aq_Ay N&ME(THF (INE TO P,E pVNCMF- D ny THIS SUaRP;.JTINE.I

NAwc2-StJO, RflUTI ,,,kCALLFID(TFE_PT..., ETC.)

NI-IAP_ NI i ',"'", F <

C

C.
THIS S!I4R_LITI','K _A_WHCN IT IS DESIRc?; T3 r,gT&IN

A _TNA_,V I)E-CK i:F S!],_E FUkiCTTI?N wF, ICH HAS r_"-:Er'_Gr q_LRATF!) BY THE TERD

SYSTEN. IN t'P:)-R TO OFt "F_T]_,, qk'k _4_IST F-Ix£T "_XWSENBLY LANGUAGE -

(;ECK ANO TFEN &SSEM_LE If-. TillS SUSRC?UTINE MAKF-S THE ASSENBLY

L,V,IC;UAGF DFCK,

C

C

&FTPP A_SSE',_qLY, I:\'(3RDFR T(' EXEEUT_, '?ki# _UST L i\_) THE BINARY DECK

F(]!:'THF T&;-_LF, AN') T_4F S!;ECIFIC! ) %llqP.OdIl_,_lT_-4_r,jc_E, [IR QDISK),

Ai'JD T_4E Stlr'kI'JTIN!-S WhlC_ IT CALLSITTUAC{ -, JqkJ'_6, _, KF) I£KI.

_-ae' 'N') C_]i_sm PUNCH TH9 /',::?PAYS I". 7190 [;P 16n/÷ Cn_'PUTER FORMATS

qhSPFCT IVELY.

C TI4IS CAO,O,'-:ILITY IF, N,,)l"LTa'ITE,! T_ T'AE TFF, D SY£T'-4.

C

C CI)ECK PRDi)!ICF_ _ {DECK (!F C_R!]S ACCE-PTA_LF TD TH __ FC_RTRAN (,3
C ASSEMBLER {T_ tHE I_04

C

DIMENSION T(1'77)

_P I TE ( NT, qO )_:_ v._:1 ; ',IA,'Ag 1 , NA MFI ,NAMF 1

WR I T[_( NT, '41 )",'_,"r ?, NAM E2

90 F(I_,_AT{ 19H II]ENT IA4,2X ,55×/

I IgH FNTRY IA4,_X ,55X1

2 At,, #X,L2FI 0 ** ,SQX/

3 24H SIU 6 SAVE6 ,5(-,x /

4 IgH LIiJ 6 1A4,2_( ,qSX/

5 2OH LO A 6 O ,60x./

6 20H INI 6 l ,6OX/

7 25H SIU 6 qETUP_! ,SSX/

B 25H &RS 24 ,55×)

91 FfiR_AT(25H SAU xADD ,SSXI

+ I_H FXT [A4,2X ,q_x/

1 lqH RTJ IA4,2X ,_X_

2 25HXA:_9 0 -** ,5_X/

3 PSH ,_ f]01 ,£_Xl

4 25HSAVF6 FNI 6 *_ ,5_X/

5 25HRFTtI_N SLJ ** ,b_X)

N=3.*T(4)+7.

O0 5u I=I,N

50 CaLL CUDAPIT(II,I,NT)

WRITE (NT,92)

92 FORMAT( 12H END ,68X)

RETURN

END
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C

O THI3 SI;_7! qLTi',, r ,_i_S W_]]T.r-N TH FOPTRAN FqUR.

C

C '. l'_, T!_- _',U,g_l-; )HE wANTS CONVERTFI) TO MACHINF LANGUAGE.

C _ IS Tt-_h VAL,I[: I_F THE !)f} {P,!]P USED Trl GENERATE THE PUNCHED CARDS.

C "I IS T;IF T._._[! _4!1M_6 i_

C

C (._::_AP PLI'!Cr_t_% Ti'IL SPF(.[! IF!"_ %RRAY, T, If'l A FN_MS_T ACCEPTABLF TO THE 1604.

C

_I" _=NIIC0

_,,] ? = ( _',I-] ,3_;_'%11r;',} I i L)

:4[= _-I I'Z;::r_I);-] _,:;f\llt_

I_ (A}in,_,.3,15

_t_ TO L6

] I =FF+40.

i !_= I h--_+t?

_-_ ,tC=A'_%AI ( I "?. :_".: TE }

I_: ( FR_%C-q. e)rhu_qqb } ?_, 25,20

2t; F' AC=}.

T_=It +1

25 II_=IF

[t ( If } )I, "_( , 4)

21 I_:=-l{:

37 [ I';=IE/1C"

I I=IF-t, _:I 10

It (Ilk 14i),_.;,5:]

z+C IF(A)41,60,4?

4i ,<11E( II,')?,'?)'!] "._,NI3,NI,FP_C,]IO, II

,_] T{-J 70

g? ",7] C[-i 7T,'-)'1 } Ji )<),NI'),N_,-,i_R_,IIO,I1

(;.s T(} 7Q

50 Tf-IAISI,AC,_,?

5] w"ITF ('lT,vr2} ,II._?,:_II:),I'II,FRACiT].O, T1

G ; TO 7:_

b2 _ t IT_I,_T,::)f'$ )k'l';_3 ,HI:1,1\ll ,FRAC, I]O, 11

q, Ti_ 73

4( <, _]TE( _T,91_4)4I)O,NIO,N|

70 K !: T tJ,.'<_N

c_.]t) F,;r 4&T(].iHT,3[],gX/12,4 OPC -F 9.7,2HD-211,47X)

gOI F;_,,_T( IHT, _I/,4X,12H I)EC 6F 9.7,2HD-ZII,47X)

%P? F JI'_AT(]_T,_I I,_X,[2!4 DtC -F g.7,2HD&211,47X}

q03 F,)hv_AT( IHT,3II,4-K,12'-I DEC 6F 9.7,2HD&2II,47X)

'_e_+ I-qv:,_tk'[( IHT,31]_,4X,25H DEC &O.OOOO000D&O0,47X}

ENi)
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SUBRL)UTINE FAPPIA, I,NT)

C

C THIS SUBP,,OUTINk WAS WR]TTF,N IN FP,RTRAN FnUR.
C -

C A IS THF NU:_BF,R ONE WANTS CONVERTED TO MACHINr: LANCqJAGF,.

C I IS THE VAL[ F OF THE, DCI LO[IP USF,I) TO GENERATE T_4F PUNCHED CARDS.
C NT IS THE TAPE NIIMBER

C

C fAPP PUNCHES THE SPECI|:TED ARRAY, T, IN A F/q#_-'_T ACCF:PTABLF, TO THE 7000.
C

C EXAMBLF,

C .. T.. I ..... D_:C...-1. 12345_7F,+04
C

IF(A} i0,_0,15

tO ABSA=-A

G_-_ TO 16

15 ABSA=A

16 F-E=0 • 4 :}42 Q44B l _ &LOG ( A_3SA )

I b=F-E+40.

I E= I E-GO

F,RAC=A/(tO._x_Ir-)

] F ( FFKAC_=._P-9.0"_',)c)995_-'X_2 ) 25, 25,2 O
20 FRAC=[.

IF'= IF,+t

25 IIE=IE

IF(IF,)21,3C,3 )

21 I L-=- I E

30 I1C=IE/IO

[ l=I E- 1C"- I ! r'

I_-(l IE}40,bC,S _

40 e _ I TE ( "4T, 900 ) I ,_RAC, 110, I 1
G:_ TO 70

5C W!;',I [F-(NT,OC_I )I,!-#AC,IIO,II
G:; TO 7n

4,0 _'_.I TF' ( _';T, 902 ) I
ZC _'JT _N

£00 F_}F"_AT(2XIHTI3,4H _hC FlP.Z,2HF,-211,52)<)

g01 F_ I<_4&T(2X]._TI;_,-!H F)EC

(;C2 F[]P._AT(ZXIHTI_,,'_2"4 DF,C
__ND

Flt.7, _HE6211,62:x)

C. !20qC 0 ('c)Er,0C, £2 Y,)
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5tJDROUTINE £YS3_O(NAME,T,NT)

DIUENSIC)N T(77)

4RITL (NT,900) NAME,NAME,NAME_NAMEvNAMEtNAM£

_RITE (NT,901) NAME,NAME

N=3_T(4)+7

;),] 10 I=I,N
CALL PRN3_O(T(I),I,NT)

10 Ct_NTINUE

,_ITE (NT,gJ2)

£00 _" ,Rv_AT(A4,

4X

A4,

4X

4X

tOH TITLE 'A4, I2H(X) FOR 360'

9_ ENTRY &4,2H,BA4,TX

2_H START

26_ LISING #,|'5

2_;4 STM I4,IS,A

- 4x ?.fill L 14,E

- 4HG r' __y- t STM 1,2,B

- 4X
- 4X

4X

4X

7614 LR 2,15

#(,m _ROP 15

qd USING A4,13H,2

?_4 LR 15,14

4X ?4::H L 14,0(1)

4_ 2nH ST 14,C

50X/

50X/

50X/

50X/

50X/

50X/

50X/

50X/

50X/

50X/

50X/

50X/

50X/

- 4X 2(-i4 LA

- 4X " _;H KALR

SOt r-,_,_'4AT(4× 2_ H L_

4"< 7o,4 t) ;trip

- 4"_ OH USING

- -'.x Z _._;4 L'4

-'_X 2 f,,.I BCR

-- } H]A4,2_-,H ST_

I,C 50X/

14,15 50X)

L_,IS,A 50Xl

2 50X/

A4,1_H,16 50Xl

1,2,B 50Xl

15,14 50Xl

14,tb,A 50Xl

14,F 5ox/

15,G0 50Xl

4X _ 4,H L

4X Z _)_4 RC

- 4x 2A _ C ,'qC}P

- 4hA ?r 4 OS

- 4HC 2{',H [)S
- 4. Hf: 2 r,:" DC

- 4hf 2t_b' )C

- 4W_- -,4_,14 _)C

SO2 F,,,"_AT ( 4X 2,<H END

0,4 50X/
2F 50X/

2F 50X/

IF 50X/

A(TO01) 50Xl

VITERPT) 50X/

V(RTERP) 50X)

50X)
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SUBROUTINE PRN360(A,N,NT)

C

C THIS SUBROUTINE WAS ,_PITTEN IN FflRTRAN FOUR.
C

C A IS THE NUMBER ONE WANTS CONVERTE() TO MACHINE LANGUAGE.

C N IS THE VALUE OF THE DO LOOP USED TQ GENERATE THE PUNCHED CARDS.

C NT IS THE TAPF NUMBER

C

C PRN360 PUNCHFS THE SPECIFIED ARRAY, T, IN A FOR_4AT ACCEPTABLE TO THE 360
C

N tc)r)=N/100

_NIO=( N-I O0_N 100)/tO
N t=N-IOO_NIO_-I_._N tO

IF{A) tO,60, 15
I0 A _-SA=-A

GO TO 16

I5 AitSA=A

16 EE=9.4342944Ff1 *_LOG(AqSA)
I E=EE +40.

IE=IE-40

[ F(ERAC-9.909ng q)25,25,2_
20 FRAC=I.

IE=IE+I

25 I IE=IE

IF( IE)2I, 30,_0

2] Ir=-If7

3G I tO=IEllO

I I= IE- l n_-I IC

IF(lIE )40, 5C, 50

40 IF(A)41,60,42

4-I W_I I TE (NT, _){,0)_,ll!_O,N i 9, NI , FRAC, I [C, I l

G_i TO 70

42 WR I TF( kiT,90 ] )Nit'Q, NIO,N1, FPAC, I lO_ I t
GL] TO 70

50 IF(AI5I,BO,h2

51 WP,ITE(NT,gO2)NIOC;,:_IO,NL,FRAC,IIO, It
G,) TO lO

52 W!_ITE(NT,gC3)_iI'C;..q,,_IO,NI,FP^C,IIO, I1
G!J TO 70

60 ,_:_ I TE ( N_, 9£4 )'_ IC'.!, N IC, NI_
70 RETURN

SO (_, EL:K_4AT(I_4T3It,_X_tHOC E'-FR._,2Hr-2I]L,G2X)

_Ol F()C _AT(I'_T_II,_×94')C L-'+FS.6,2HF-2II,52X)

SC2 F'_Pt4,%T( [qT311,3YqH.3C E'-PP.6,2MF+211,52Y,)

g'::3 FU !'AT( tHT_[ ],:_XQH)C E'+FQ.&,2HE+2I],52)4)

cOq b_!:-k&]( I_ITbI ],3X21HOC E'+('.r'oor_mE+0r)52X)
c_!r)
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SUBROUTINE TYMEII,NTI

C

C THIS IS THE FORTRAN 63 VERSION.

C

C THIS ROUTINE MUST BE ACCOMPANIED BY THE FUNCTIQN KLOCK.

IF I=0, RESET THE CLOCK AND PRINT TIME=O. SEC.

IF I.IG. O, READ THE CLOCK AND PRINT TIME =XX.XX SEC.

IF(liT,I,2

1 TIME=O

IK : ICLOCKF(O)

WRITE(NT,!98! TIME

RETURN

2 A = ICLOCKF(O)-IK

TIME = A/tO0.

WRITE_NT,198) TIME

198 FORMAT(IHO,IIH***TIME IS FB.3,SH SEC. I

RETURN

END
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,_,_ E_-_O_, XVAL = 0.332E 9C. WIGL IN TA'3X - _

XX ZAP

XXV XXX

XXVV XX

XXV X X

XXVV X X

XXV X X X

XXVV X X

XXV X X

...... XXVV X X X

O0 XXV XX X

XXXXXXVVV

XXXXXXXA A A A A A A A .A

" XXXXXXXAAAAAAAAAAAAAAAAAAA

XXXXXXXXXXXXXXXXXXXXX×XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XX L U U RRRK K KK XXXXXXXXXXXXXXXXXXXXXXX

XX L U U R R KK XXXX

XX L U U RRRR KK XXX

XX LLLL UU R R K K XXX
I

XX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

vXXXXXXXXXX XX XX XX XX

• _XXXXXXXXXX XXXX XXXX XXXX



CALCULATE LOG10(.OI, tO.) N=IO0

× L(]G(X) TERPT(X) ERROR

0.01 -2.0{)00000 -2.0000000

0.02 -t.69£_6qa -t.8959475

3.04 -1.3979406 -1.o987658

0.08 -t.ogbg096 -1.348G_83

0.i0 -1.0000000 -I.1945_25

0.20 -0.6989706 -0.6455421

0.40 -0.3979406 -0.4_03665

0.80 --0.0969[04 -0.09702_2

l. O0 --0.00000m4 -0.0001056

2.00 0.3010296 0.3010038

4.00 0.60205')7 0.6020_

6.00 0.9030895 0.9030897

10.00 [.0000000 0.9999998

0.0

O. 1969776

0.3C0£251

0.25t1787

0. 194_5
-0.05342_4

o. 0024200

O. 000111 a

0.0001052-

O. 000025£

-0.0000002

O. 0000002

CALCULATE LC]GIO FROM EXPONENTIAL N=IO0

Y LOG (Y) BTERP( Y } FRROR

0.01 -2.0000000 -2.0QOOOOC 0.0

0.02 -1.6989698 -1.6989336 -0.0000302

0.04 -1.3979406 -1.3979263 -0.0000143

0.08 -1.0969095 -1.09h9324 0.0000_20
O.lu -1.00000<)0 -1.0000267 0.0000267

0.20 -0.6980706 -0.6989994 0.0000288

0.40 -0.3979406 -0.3979158 -0.0000247

0.80 --0.0969104 -0.0968790 -O. O000B14

l. O0 --0.0000004 0.0000267 -0.0000271

2.(30 0.3010296 0.3010206 0.0000089

4.00 0.6020597 0.6020200 0.0000337

8.00 0.9030895 C.9030781 0.0000114

10.00 1.0000000 I.O000000 0.0
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L,F, IOI. ;I., I'_.) IS[[,_S _JNEOU,_,L SDACIN,; N:IOL?

x L(G(XI TEMPT(×) F_OR

F!<_[!_, X = ---.L+6/F nl .TS. IN T_PT

0.'.[ I -2.01_ ))!')0 -,'J..O(_t CO00 0.0

"). !Z -1.m!:_{_;S -l.69A'v_q_ C.C

). ,'_h --1. 09_90o_ -I .0_Ag_$95 C.O

('.I0 -1. OOO009,S -1.0000000 O.O

O.Po -9, 6'_q706 -O,o9_;g 704 -C. CDOO_;O?

'1.40 -0.3'97@,'+06 -0.3':_794 11 O. On.-)O005

3.SD -0.0960]04 -O.Oa6oIl2 C. r_Oi?';')O a

l.O0 --0.000)004 -O.OOOOOCq C. 0_0'_")05

2.b(_ 0.30102q6 0.301920C C.,',_"n'_)Of_

4.0,) O. 6C20507 0.60205H_ C. QCOF('O7

_f.OO C.aC3O;_°5 C.90308_7 C..};,]CO,]R

i0.07 1.OcnO000 3. 999c_985 O. non!)Ol_

CALCULATE Sl,'J(5., 1.7) N=IO0

X SI'i( XI TFRPT (X) 7RRDR

O.C' O.O _.0 C. _

C.IO r). O_9,qB _ 0.09q_20 O. C00£'013

0.20 O. 1 q :-_66"_ O. 19_6(_82 (.nCOOnlO

0.30 0.2Q55201 0.2q55201 -C.COOO00I

0.40 0.3mq4181 O. 3qQ4191 -C.OO000]O

0.50 0.4704253 0.A794261 -O. O00000_

0.60 0.5046423 O. q546z_ 14 O. OCO000_

O. 10 0.6442175 0.6442]63 0.0000012

0.80 O.7173qSq 0.7] 73q5_ C. C000006

U.90 O. 7833201 C.7_33264 O. O00oOQB

I.C_O 0.8414103 0.8414711 -C. 0000002

1.10 0.8q12072 0.qq12072 -C. OCOPO01

1.20 O. qB2C7,87 0.9_20_1 O. 0C00096

I • _'$0 3.9o36518 0.9635572 C. O00000q

1.40 0.¢_R54/ 94 '].9854492 O. O0000C?

1.50 0.997494q 0.9974948 0.0

1.50 0.9_95737 O.g9957B7 0.0

[.70 0.9916_54 0.9916655 --C. 0000001
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t _Lf;iiL&r_ SI'J(3.,[.7) N=It30

t SIN(X)

";.1 3oCq9":3_ _*

;. 3t

• 5 t

O. 5(

";. 47q475

".76 O._qq2t7b

._:0 9. 717_5'5 ,

TF ;[P2 ( X ) ERROR

n. 0 0._

_. _qh "Y31 -- C. ¢_002

n. lqR&t,92 0.0

0.2955197 O. 00n0004

0._()417£ 0. _Cm3002

0.47q425B 0. :_

]. b646420 C. 30r'O,OO2

0.544217"_ O.OOOCO02

3.717365_ 0. OPO;_OO[

;.:>r ,.7;_43_>7 0.7R35262

I.'_] O.S,,lq7 :_ 0.£414703

l.[f "._12n72 0.8'-312070

1. _" C.';_20{_7 C.q3203£4

] . 4_ Q, QR644gq ;3.9_54492

0. C0J3005

0.0000005

O. ¢_000002

O. OnO0003

O, 000000 l

O. 0000002

l.t'' J. :_'; 7'_, ".'_ fi O. Wq7494;q 0.0

[._,; :,'.%- ,S7 7 0.Q':_95758 -C.CO00001

z.70 . c_ 1 (,; '_z, ].991A6_5 -C.O000001

I _IF-,PI:LaTL SI J('., 1.6) _3_tCKWARD£ N=ICO

F=bI I(X) ', #,TERP(Y)

,.,{ _":,_:3 _. IG 3.]999992

". leS/;a V_ ,).20 C.1999q91

_. 795_2 Jl @. _5 0.29909Q5

• _k_:_41 ;l f).zH _ 6. 39g_ggQ

).47 _'426_ ,!}.h _ _). 5000005

• bt_qu42 J ;_.61 J.oOOOOO7

FR_O_

O.C

-0.£000308

-0.0060008

-_.0000004

O.COOOOOi

0.0000007

0.0000009

).m442175 r. yn O. 7_300n03

2.717JSbq 0. 17 [).79og994

;.:_414718 1 . 30 0.0999985

_.R" ] 2(,'72 I • I '7 1. O-gQOqPK

5.)3?,_ :;17 1.20 [.19999R9

0.0000006

-0.0000003

-O.O0000ll

-0. CO0001 l

-0. OOLOOlO

0.0

]. v&abb 7,4 l .3_ 1 . 29qc_c83

;. :,'bfq4 94 1.4,) I. }ggc;q77

_. _<)740_ c; 1 .h'! [.40q9971

0.0

0o0

0.0
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INTERPOLATE SIN(O.,I.5) BACKWARDS N=IO0

Y=TERPTI _) X RTERP(Y) ERROR

0.0 0,0 0.0 0.0

0.0998340 O.lO O.Og9O_qR -O.O0000Ol

0.1986699 0.20 0.1999998 -0.0000001

0.2955204 0.30 0.29999Q8 -0. 0000001

0.3894180 0.4,9 0.3999993 --0. CO00001

0.4794247 0._0 0.4999gq7 -0. 0000001

0°5646414 0.60 0.5999997 -0.0000001

0.A442170 0.70 0.6999997 -0.00C0001

Oo 7173558 0.80 0. 79999R7 -O.('OOO010

0.7833269 0.90 0.8999c86 -0. 0000011

0.8414708 1.00 n. 999q985 -0.000001l

0.8912069 l.l_q 1.0999985 -0. CO_OOl 0

0.9320393 1.20 1.1999969 -0.0000019

0.9636573 1.30 1._2999964 -O.O00COlq

0.q854491 1.40 1.3999908 -C.O000010

0.9074947 1.50 1.4999q52 -O. CO00Ol9

C&LCULATF INTFG':_AL ()F SIN(X,Pl/2.) N=190

× I NT EGq AL TERP I FRROq

O. } i. O00'_t_ _',r" O. 9Qr)O95R O. 0000042

0.10 0.995_04P 0.9950002 0.00Q9040

0.20 0.9600607 0.9800#-22 C. 0_'0r'045

C. _0 3.'455%35*_ ). )553339 C. (:000027

r;.40 0.921q612 0.97105_ 9. OCO<_O?_

O.b(! :). P775;_27 0.q775_02 C. rv_9:_)25

©.sa 0.P253_5_ 3.a2_3742 0. C79)016

0.7) 0.70434?6 O. 7648410 C.O90OO] z+

O.gO 0.6q67cTj 0.6q67056 O. -':_ _O01_

C.99 C.A21_,I<_P O. 62 l#,nc_5 O. (?_ <'0307

].30 f}.540_n?6 0.5403P_1 r.C 'DOqO6

I.I) 0,4E350_%_) O. 45{59"%9 O. ( (_mOC07

1.2_0 O. 3623_1_4 3.3'_235R3 C. 2_2000_;

1. _9 0.2675?05 0.2075001 C. or r s,')e4

1.40 O. 169)691* 0.1599692 O.<dO}D02

1.50 0.0(07400 0.0707402 -t. _OOO_;01

1.60 -0.0291q_I -O.G2qlosq -0. ?OnOO0?

1.70 --0. I 28_ 4",'_ -0. 12gR402 -r% POOC()02
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DEMONST#ATE SPEED OF SUBROUTINE TERPT

***TIMF IS 0.0 SEC.

TERPT HAS CALCULATED I00000 SINES

#m,TIME IS 12.430 SEC.

ENEP_CY RANGE

l. LO 0.00345

1.5{

2.00

-- 2 .qf

3. 3C

5.Ci

0.00669

O.QI080

C.C15_0

O.OPlCO

0.03450

0.05030

6. _( 0.06910

7.00 C. ]qO00

8._( 0.11320

lii. _C G.16670

12.cr_ (.229L0

15. _C 7.33930

_1 ._' 0.01430
26.'0 C.R3690

j('.(_n i. 1570C
_b.t)i 1.523E0

_).LJ6 1.03300

45.<_r Z.B8bO0

'%;., ( 2.87800

OC._)O 3.98300

l_:.O_ 5.24000

C. O0 5. 24000

_aO. OC H. 18200

lC).Cf 9. 85400

120.00 t 3. 58000

l_,O. {'( 22.3'7999
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200.00 32.84000

250.00 47.87000

300.00 64.84000

350.00 £3.34000

400.00 [03°29999
500.0C 146.70000

600.00 193.79999

700.00 243.79999

800.00 296.09985
900.00 350.C9985

1000.00 405.50000

***** ERROR XVAL = 0.440E O! WIGL IN TABX _****

LOn-LOG INTERPnLATION OF PPL;T{]N RANGES IN AL

ENERGY RANGE bE/DR

1.11 L,.OO_ 179.493

1.5 C.f07 13%.749

2.0 0.011 111.2o5

2.5 :_.016 e7.772

3.0 _7.021 86.455

4.0 0.03_ 67.191

5.0 ,_.(}50 5@.23_

6.0 c.no9 50.103

7.0 9.!]_0 4_.43£

8.0 O. 1]_ 41.037

tO.O 0.167 34.440

12.¢ 0.229 30.005

14.0 0.300 26.410

16.q O.3_J 75.866

1_.o 0.4_3 ?I.RO1

22.0 0.6_7 l£.Al5

2A.0 0._o7 ]6._17

30.0 1.1_7 ]4.573

34.0 1.446 13.172

%8.0 1.704 I?.C70

*o.C 2._0 ]n. Bq9

q4.C _.301 9.17S

_2.0 _.22_ R.248

10.0 b.|oJ II.594

74.0 _.471 15£.546

:)4.0 {;.AGO s. P72

dl
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Ii0.0 11.655 5.367

126.0 14.790 4.87_

142.0 18.215 4.486

158.0 21.918 4.172

190.0 30.088 3.696

222.0 39.197 3.352

254.0 49.159 3.087

286.0 59.906 2.877

318.0 71.336 2.729

382.0 95.959 2.483

446.0 122.732 2.311

510.0 151.252 2.184

574.0 181.245 2.088

638.0 212.490 2.012

766.0 278.084 1.900

894.0 346.81o 1.829
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TRPT TRPT(_T_) FOR SYSTEMI360

LOC OBJECT CODE AODR1ADDR2 STMT SOURCE STATEMENT

000000 2 TERPT START

000000 _ 3 USING *,15

OOCO00 9058 FOEC O00EC 4 STM 5,8,REGS

000004 b020 Fl10 00110 5 STD 2TTEMP+8

SAVE GPR'S 5-8

SAVE FPR2

000008 6040 Fl18

000000 5861 0000

000010 5871 0004

000014 7826 0000

00118 6 STD 4,TEMP+16 SAVE FPR4

00000 __ l L 6,0(1) .... AIX) TO GPR6

00004 8 L 7,4(I} A(T) TO GPR7

00000 9 LE 2,0(6) X TO FPR2

OOCOI8 7B27 0000
000010 7027 0004

00000 10 SE 2,0(7) SUB T(1)

00004 II ME 2_4(7) MPY T(2)

000020 4740 F072

_000024 3842

00072 12 8C 4,ERRI BRANCH IF -

13 LER 4_ Z TO FPR4

000026 7847 O00C

OOC02A 4720 FO9E

O000C 14 SE 4,12(7) SUB T(4)

0009E 15 BC 2_ERR2 BRANCH IF ÷

O0002E 4780 FOC2

000032 3842
00002 16 BC R,ERR3 BRANCH IF 0

17 OK LER 4_2 Z TO FPR4

000034 6E40 F148

00003_8 5040 F108

00C030 5850 FIOC
000040 6A40 FI50

00148 18 AW 4,MASKI UNNORMALIZED ADD

00108 19 STD 4,TEMP FPR4 TO TEMP

OOIOC 20 L 5,TEMP+4 INTEGER TO GPR5

00150 21 AD 4,MASK2 NORMALIZED ADD

000044 3344 22 LCER 4,4 CHANGE SIGN

000046 3A42 23 AER 472 ADD Z

000048 1885 24 LR 8,5 I TO GPR8

O0004A 8850 0002 00002 25 ....... SLA 5,2 SHIFT GPR5 2 LEFT

00004E 8880 0003 00003 26 SLA 8,3 SHIFT GPR8 3 LEFT

00C052 IA58 27 AR 5,8 EFFECTIVE MPY 12

000054 3804 28 LER 0,4 F TO FPRO

000056 7005 7020 00020 29 ME 0732(517) MPY T(3*I+9)

OOC05A 7A05 701C 00010 30 AE 0,2815,7) ADD T(3=I÷8)

OOC05E 3004 31 MER 0,4 MPY F

000060 7A05 7018

000064 9858 FOEC

00018 32 AE 0,24(5,7) ADD T(3=I÷7)

O00EC 33 LM .... 5,8,REGS RESTORE GPR'S 5-8

000068 6820 FIIO 00110 34 LD 2,TEMP÷8 RESTORE FPR2

000060 6840 FII8 00118 35 LD 41TEMP+16 RESTORE FPR4
000070 07FE 36 BCR 15,14 RETURN

000072 7A20 FI04 00104 37 ERR1 AE 2,SLOP TEST Z VS SLOP

000076 4720 F096

OOC07A 9OEF FOFC

00096 38 8C 2,ZERO BRANCH IF ÷

O00FC 39 STM 14,15,REGS+16 SAVE GPR'S 14-15

40 DROP 15

O0007E 185F 41 LR 5715

000000 42 USING TERPT,5

000080 7840 50D4 000D4 43 LE 4,X X TO FPR4

000084 7040 5004 000D4 44 STE 4,X SAVE X

000088 4110 5128 00128 45 LA I,CALLI ARG ADDRESSES

OOC08C 58F0 5124 00124 46 L 15,VECT BRANCH ADDRESS

00C090 05EF 47 BALR 14,15 TRANSFER

00C092 98EF 50FC O00FC 48 LM 14,15,REGS÷I6 RESTORE GPR'S 14-I!
49 DROP 5

000000 50 USING TERPT,15

000096 7820 F120 00120 51 ZERO LE 2,NONE SET Z=O.O

00009A 47F0 F032 00032 52 BC 15,OK BRANCH TO OK

OOC09E 7840 FI04 00104 53 ERR2 SE 4_SLOP TEST Z-T[4) VS SLOI

0000A2 4740 FOC2 00002 54 BC 4,ERR3 BRANCH IF -

OOCOA6 90EF FOFC O00FC 55 STM 14,15,REGS+16 SAVE GPR'S I4-15

56 DROP 15

O000AA 185F 57 LR 5,15

Q
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IRFT TRPT(X,T) FOR SYSTEM/360

LOC OBJ ECT CODE

000000

OOG(_AC 7846 O00,') __
O000BO 7040 50D4

0000B4 4110 5],38
O000B8 58F0 5124

O000BC 05EF

OOOOBE 98EF 50FC

00000 59

00004 60 STE 4,X SAVE X

00138 61 LA ITCALL2 ARG ADDRESSES

00124 62 L 15,VECT BRANCH ADDRESS

63 BALR 14_15 TRANSFER

O00FC 64 LM 14,15,REGS÷I6 RESTORE GPR'S 14-I

65 DROP 5

66 USING TERPT,15

O000C 67 ERR3 LE 2T12(7l T(4| TO FPR2

O00OO0

0000C2 T827 O00C

AODRI ADDR2 STMT SOURCE STATEMENT

--58 USING TERPT;5 .....

LE 4,0(6) _ X TO FPR4 _

OOOOC6 7B20 FOE8

OOOOCA 47F0 F032

O00E8 68 SE 2,ONE SUB 1.0

00032 69 BC 15tOK BRANCH TO OK

O000CE 070007000700

000004 .
70 CNOP 4,8

71 X DS IF

BOUNDARY ALIGNMENT

OO OOOB 404040E7

OO OODC 4BE3E24B

72 AI DC C' X'

73 A2 DC C'.TS.'

O000EO 4BE3C24B

O000E4 E309DlE3

O000E8 41100000

O000EC

OOCI04 3C10C6F8

000108

74 A3 DC C'.TB.'

75 A4 DC C'TRPT'

76 ONE DC E'I.O'

__/TREGS DS 6F

78 SLOP DC E'I.0E-6'

79 TEMP DS 3D
000120 DO000000

000124 oqo00000

000128 000000D800000904

000138 000000D800000004

000148 4E00000000000000

000150 4600000000000000

80 NONE DC E'O.O'

81 VECT DC V(TTRACE)

82 CALLI DC A(AI,X,A2,A4)

83 CALL2 DC A(AI,X,A3,A4)

84 MASKI DC X'4EO0000000000000,
85 MASK2 DC X'4600000000000000'

86 END
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TRPT RELOCATION DICTIONARY

POS.ID REL.ID FLAGS ADDRESS

Ol 01 OC 000128

01 .... 01 OC 00012C

Ol O! OC OOOlBO

Ol 01 OC 000134

O1 O1 OC 000138

01 Ol OC 00013C

01 01 OC 000140

Ol 01 OC 000144

O1 02 1C 000124
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TRPT CROSS-REFERENCE

SYMBOL

AI

A2

A3

A4

LEN VALUE DEFN REFERENCES

30094 000008 0072 0082 0083

00004 9000DC 0073 0082
OnO04 OO00EO 0074 0083

00004 0000E4 0075 0082 0083

CALL1 00004 000128 0082 0045

CALL2 Q0034 000138 0083 0061 ....

ERRI 00004 003072 0037 0012

ERR2 00004 OOQOqE 0053 0015

ERR3 00004 000002 0067 0016 0054

MASKI 000(98 000148 0084 0018

MASK2 00008 000150 0085 0021

NONE 00004 000120 0080 0051

oK cooi_2 o03o32 50_7 o5_2- 0069..........
ONE 00004 qOOCE8 0076 0068 .....
REGS 00004 COOOEC 0077 0004 0033 0039 0048 0055 0064

SLCP 0,9004 000104 0078 0037 0053

TEMP 00008 000109 0079 0005 0006 0019 0020 0034 0035

TERPT 00001 O00qOO 0002 0042 0--050__0058 0066
VECT 00004 000124 0081 0046 0062

X 00034 000004 0071 0043 0044 0060 0082 0083

ZERO 00004 000096 0051 0038

NO STATEMENTS FLAGGEO IN THIS ASSEMBLY .....

. t30 PRINTEO LINES ............
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